a»B*m«w (jp) (12) & ^fl 4# £fc & (a) (lOftfwuK&wfre 

#812000-286413 
(P2000 -286413AJ 
(43)^18 B sfm&ZlOn 13 B (2000. 10. 13) 



(51; IntQ. 

T T f\ t T OO /77D 

HO 1L 29/778 

on /oi o 

29/161 
29/78 




l 4 l x-Yj-h tf^^r; 

t t n 1 T on /on ti 

nU 1 L ^y/oO hi 
on / i co 

on /to o n t la 

m&m& m m$moxi2 ol (±22H) 




1$K2000-65262( P2000- 65262) 


(71)ffllgA 390009531 








(22>fflHB 


¥m2*£ 3^90 (2000. 3. 9) 








I NTERNAT I ONAL BUS I N 


(31)flKfc*fc£®#^ 


0 9/2 6 7 3 2 3 


ESS MAS CH I NE S CORPO 




W 3 £12 B (1999. 3. 12) 


RAT I ON 


(33)«*ti±3SS 


#@ (US) 


T^u*-&«ai0504, -^-a-^w 












(74)ftJ®A 100086243 















(54) BgWO«»] *#J»*5*/t-l* X« Jtfit*g-& pft^Si/SIGe ^n«it 



C57) [£*>] 

Ut, p^ + *;U • fv<^ X©iE?L^S8lg*5|Sg^3ttr 



12C- 
12B- 

12A- 



Ge, 



mt^-y Si, 



p-Si^Ge^ * # 



sl 1-x Ge x 



Si^yGey 



s, l-x Ge x 



-18 
-42 
-17.33 
-16,33 

-15 

-14 

-13 
-19 

r12 



& IK 



(2) 
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0. 35-0. SCDjgfDS ii- x Ge x <Dmi<DM. 
StflB^l ©HCO±CCXt:^*^^;l/JBRSStiyfcS it-, 
Ge,CD^2<DB, 

Mf 2 <DB<D±fc if^Vt titcM K — ^ 

CDS icDfg3CDB, 10 

OTiaffi 3 <DH<D-tfc: it'^^t jw&j«s ft f - ^ 

CDS i 1 . 1( Ge K (Dn4CDli, 

<DIR?!W3«fc9 fc?fl>Ge<D®5<DB. 

w**0. 5— <1. 0, w-x>0. 2tft0, CftCC 
<t-9tE«l>WlDbofcS i i_.G e.CD^6cDB* 
*j J: OUu tan 6 <DB cd±K i^t^t S ti/c S 
i * . . G e , com 7 (D B **tr SB 4KK. 20 

x+z"C\ z**0. 0 1—0. 1 CDGe^^y^rWU 
«|IB»lOJBK^*C©Jl©IRW«S«fc0*>»^S i 

fHtgCDaJitgBo 

[NABS] iStt^-r*****. mriamscDHOxf 

JlS i^Ge.ftW^M?), *I*t*^-f 
/M*£Jt^/c£*CC, jEtt*«fcDJ^K:HDi&ftSJ: 

^GeJB(D3^7C^S^|ace>*r, GeMcD2^7^£S 
#ec*2 7 5-3 5 OTOSIKirM^ne, ft 
«31 1 frtfBi£CDSBfiii& 0 
[ft*a5l SufE»6<DB*<E>GeSSw# v fyfB§l5 
©Jl©ifi<©tl»W«:iBl»Geftl*6. mf IBS! 6 com 

[»*3B6 ] CKf^S i CDmTiamSCD 

HfeiCfUfPS i 1 .«Ge ll ©HJK*4©Ji«:*tf k If* 

im^m 7 ] msm 3 ©bks igH>r*#Jnt> 0 . wta 
»3<d«#ei»-c. mriam 1 <om<om em 2 <omt<Dn 

«©SB«i£. 

[«*3B 8 ] fulfil 2 <DB#, fulfil 5 6 CDS 

*6*** + *iWB«OT«:jgjaESti, SiCD0ufBH3 
©BfccfcCfS i a _ x Ge,CDii?fBfMcDB&C<fc^TfiufB^ 50 
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+ *;U««*>6#«Sftfcp^F--:/S i L.GeJt 
UIB»2©B©»3*«1— 2 0nm. »*U<« 
4-5nmt*0, WIB^2(DB©mmWK:r£14£ F* 
-OF-Xl^l-3xl0 ll cm- 2 -C*^, 
&ClBi£cDSB*ff@o 

sSBfltSfcteor. 

0. 35-0. 5CD3SIQS iL.Ge.Of 1©1, 
G e x CD^ 2 CDB , 

HylBffl 2 CDBCD±&t ik^^t Jl/J|5J5fc Sh/ciF-^ 
CDS i<DST3CDB. 

•?tEil>f»*«llDbD, f5iam<DBK*tTSCCDB 
omnBZ <fc 0 4>«t> G e <Df&4 CDB. 
SJIBST4(DBO±tCitr$*^ + ^JSRSti. Ge5}* 
vrifiO. 5— <1. 0, w-x>0. 2~C$>K), CfttC 

fcj; OTiuiBfg 5 <DBCD±tCx b' £ * *s * JV&i&S ftfc S 
i a . , G e a (Dm 6 CDB £dtrtMHfHS. 
[IHqj 1 0 3 MBS* 1 ©BOOr^WIEWJi*^- y 
= x + z"C\ zifiO. 01— 0. l<DGe#^y£W 

S i a . r Ge,©t-^- F»*S6CC*t*. m&m 

9tcsB»<D8nflt&. 

[113891 1] Sftf^VxW, ii?iBfg4(DB<Dx 
\Z2*i' + )\'Ge* + *frt f?IB0 5 CDBCDX f £ * > 

fv^*<tJ£<^/c<!:#K:, IE?L£ J: 0 DiA#& 
J:0*l»JtF#F*fcl*J:0*C»IWB***tBT. £9 

li#3S9 6ClBi£cDfflB1fi&o 
[■mil 2] hu1B®4cdB^, ffffiOfflSOBH^^ 
04GeBl©3^7CJSRfi*sjece>t*. Gel©2^ 
S^|3C 4275-350 XXD«aafiHr*«3 , 

im&mi 3] KfE*5<OBcp©GeSaw*s, tufBSfl 
4CDB©ia<©ffl»W«:iS^GeS«^6, m)IB®5(D 
Jf©±BKrti*or*IIMc«T'r*, i»*«9tcfaii(CD 

nil. 

4] X^-tW, OT^S icDS?IB^3 

<z>«^6«s*««Jftr*s. ff^9ccfat£(D!iB« 

CBI3RPH1 5] «BE»3(DBCc3l3Ror*Wat>0, W 
ia^ 3 mriam 1 (DBcDfuiam 2 CDB t CD 

iBi8cDSB»J&o 

[»«3B1 6] buIBS iCD^3CDB^, WSMHBPItt 



(3) 
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«4»BS iL.Ge.itlSftiSCim, 
CCj.^TftteF-X-t*. fv^XQffli£fc:i£D> 0. 
4-4 2 5 KOffiHCDiafiOBBSfci Ur«a{b"TSC i 
»*3S9CCiB*8©SUB«J6. 

3 ©UK J: o rloga 5* * * £ $MK $ titc p ?t* F 

-zfS i__ x Ge_BT-&£, »*3H 9 CC8Bt8©«ll* 

8] «fsa^2©H©frfa«i&»*«, mria^4 
luialBfn s i ! . , g e . ate j: o *c tut a * * 6 

0. 35-0. 5 CDifS?0 S i t _ _ G e x <DHf 1 (DM * 
mTfa^lO)l(D±^Jit:^+->i';l^^^n, CfttCj: 20 

otan>T*3Wnbo, Miami ©bcc*«-4c©b 

8Jia®2<DJlC0±tCxfc'^+^ + ^fi£Sti. Ge»$ 

w*so. 5— <i. o, w-x>o. 2-C&9, cntc 

HJiBiS 3 <D)i<E>±fc: xt^t$/t flE 3 ft /d& F - 
CDS i 1 __Ge_©^4(DJl. 

huS am 4 01©±K xW+J^t M&fc 3 ft fc&i F - rf 
S^riWUJaStlftiPfflF-^OS it-.Ge^IB^) 30 

= x + z"C. z#0. 01—0. lCDGe#^y£W 
L v |ffiami<DB^T5COB(DRBSJiC3J:0fcf5li 
S i-. v Ge v ©*-^i/a-MB*S6«:*tf, 8t*« 
1 9 &cfai£cDS»1f if!. 

[M4tV2 1 ] gttf^'^W. Miam2CDBQ^ 
t^t^Ge^t *^ t Striae 3 CDJfCDx b* # * 1/ 
t;l'Si 1 . B Ge w ^t^l'i^6fiS f 3, JM?**^ • 40 

st*« 1 9 cciai8cD®««ii, 
[n#»2 2. mBM2<Dm&* ifiofflsoHH^a 

DSGeB!<D3^5cJSEfi*«*ac&-r. G e JHQ 2 2_tgJ£ 
fi#SC ^275-3 50 ^©ffiffiBB^lSS ft «k 

swob 1 9 (fC^nommm^. 
[ii*3S2 3] Baria03©/i*(DGe^aw^ miiam 

20»©iS<€>*B**W«:ittt>GeS«* i 6* iW2JS3<Z> 50 
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[«*3H2 4] x-^— t>-r#s icDmriam5 

©BfccfcCflJBPS i l ..Ge,©«f82»4©)B«:*tfti^ 
«B«i_tr<feS. 1**391 9fcia*g©SB*i_t. 

OcBBllOfllBfliiS. 

[»#«2 8_ HEttttB*-*. «E»2fcJ:C«»3©« 
CDBfeJcC^S i x .,Ge.©tifia»4©B* s 6fiR*ao^ 

^-iM«i6«: cfc or Mia^ * *^««*>6#HI3 ftfc p 
»F-^si,_ B Ge I ir*s l inni 9tctats©_a 

JHtt. 

WIB__^±Ccxtd*4 1 ^ + Jl^)iS3hfc, Ge»*x# 
0. 3 5 — 0. 5£>*gfnS i-.-Ge.CDmi^B. 
B?iamiOBCD±^xt*^^i/^;Wf^3n, Cfttecfc 

^rffiB^r^tratoo, fuiamoBK#ir£t<E>B 

(DlS^il 3 cfc 0 fcSt > G e 2 <DB . 
BuiaiS2(DB©±^xfc'^*^ + ;l*^3n, Ge»* 
wjPO. 5— <1. 0, w-x>0. 2T?£>9, Cfttt: 
iotffliE>f»JWDbofcS i,..Ge.O*30i, 

B?iam 3 <om<o±xc iWts/t 3 n/c&E f - ^* 

CDS i a . x Ge_CDm4(DB, 

mfiam 4 ©B©±K: xM^t ;WE5fi8 3 ft p S2 F - 

?'CDS i ___Ge_©5S5<DB, 

£tf_trS!B«i__o 

[**H2 8 ] sutam 1 ©B©OT*S««JS*«:, y 
= x + zT, z#0. 01—0. l<DGe_**y** 

2 7 KHaKCDSBflKg. 

[^92 9] iSSf^'^Saft i9K*2©»©x 
t*^*^^;I/Ge^^^^l/iH«iaiS3©BOxb # ^^V 
^;US i ^.Ge.ftMt^^D, #Be^ + ^;P • 

5, IS3}c3H2 7tcia$gcoaB»3-lo 

[_»«3i 3 o ] Miam 2 ob^, nmom 3 

DSGeBI©3^7--SEfi* s 4§ce»T, GeH<D2^7CfiS 
&WSC&2 7 5-3 5 0'C(D___S[ffiHt?^3tlS, 
HHbg2 7 CCfaiS©fflJi«i*!_o 
[_»*B3 1 ] 8JE»3<Z>B*©Ge#Jlw*i, USfalg 
2©BOifi<©ffi»W«:i(f^Getlf«*^, miiam3CD 
B<D_hffitCl$l^or^m&CfiTT4, BW»92 7«cEtt 



5 

commit. 

tMODF ETtvW*©*'*--**^ TSCiW 

ft*^2 7KfB«©«Ji«S. 
[««fl[3 4]«(IE»50i^ MBJII24»J:V»3 0 
■*>6fiE4?- + *^«««>±^J&J5ES^ Si,.,Ge, 
cdWSBSI 4 <DMlc J: o TmriB^ f *-iU««*6»«3 ft 
tep»F-^S ia-.Ge.JTC**, l»*a2 7tCE« 

[«*13 5 3 «BJS5 0i^ NEJ*2 4ffJ:CFW3a> 

•T^S i)iCCJ:r>r8(r8B^ + *^««* J 6»l!ISnfcp 
»K-^S ix-.Ge.JBr**. M#« 3 3 &CfB4S<DS 
JMUL 

[B»#JB3 6 ] 1 KUBKOSWWJSfrfeSE&W^ 

4>«c< i*>OTa»7«:t»L*2©)i*W?WK:»*-rs 

& 

S5iay-h®K©— #©liiccffi«rsv-;*«ft fc<fc 
onuiay- h mm<o & 5— #©flH*c(£K-r 5 f u -f >* 

c t «c J: o r 3 tifciftlKW*. 

& " 

OWiBy- h ^@<£» fe 5 — ^OfflfJ tcfe^-r 5 F U -f >^ 

jam *«iscc*$t»T. 

^ft< ife«riB»7air»U*2©»*iStRW«:|^*r* 

BuiBm7^JicD±^:0^3n/cy- 

ontir lay- h *fi© & 5 — ^offjjfc&g-r &Fu-f>« 
3 9 ] m&m 9 icumommm&fr h&zmw 

m&mevmvixf&ijts titer- hmrnt*. 
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[i»#B4 0 ] »*3H 1 9 (CiB*<DSI)B«Jfi^6flEa* 

c 4 tc j: o r*j*s njdftJtflM. 

wKriay- f ^@£> *> 5 — ^offjwuaa-r a f u a >m 

[19*354 1 ] n^92 7 fc«*W 
^«C< 4fcl9ia»5ftC»L»2<DJi*3WW«C|»*-r* 

uia^5<DHcz>±tc^3nfcy- ns*#. 

WIB»R±K:xt'**^^;UJBfiS3tifc, Ge»*x# 
0. 3 5-0. 5CDMfiIS i a-.Ge.CD^ 1 CDJl. 
BfBBSSlOJlOOr^SafllS^OCft^r, y=x+z 
z^0. 0 1 — 0. 10Ge»$y*WU buIB^ 
30 l<Dm<D±^!iCttTZC<DEO&&BZ£K)&m^S i 
^^Ge^^Va-H, ^cfc^frlB^lOJlCDi 

WSBS«±CC, Ge»$x*50. 3 5-0. 5<DHfOS 
i^.Ge.OWlOJBtxfcTir+f + iWBSErsaBf, 
BUiami©H<D±tc, Si 1 . x Ge s ©S2©l*xb^ 

40 7'OS i©»3 0»*xtir*^*JWI»fltr*SW, 
BUE*3©H©±«:. J»F-^OS i»-«Ge,©Sr4<D 

B?iam5CDlitD±tC, Ge»*w*S0. 5-<l. 0, 

w-x>o. 2-c^o, cncc<fcorEBBor**sfti*> 

©P§, fect^mrfa^6CDJi(D±R:, Si 1 .,Ge,tD07 
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W&jm h 5 > ^ * * <D]&ti5&j&o 
[B33B4 4 3 SJia^lOJBOOT^eSt^ifi*^* y 
= x + zt z#0. 0 1-0. lCDGe^^y^W 

S i 1 . v Ge ¥ ©*-^*-m*»flE , *'&8»*3 6 
frc^tf. B3JQB4 3 

6©@*©Ge^Bw£, fyfBlfl 5 ©Jf©£ < ©t B*f W 

cci*i»Geail*>6, MiBffi6©ii©±ffi£ftfror;x 
[is*^4 7 ] «nB»f2©»^ fnaarstectowe© 

( ofi££ ^ + *il/««K>T«:jBfi83 ft, S i ©ii5fBffr 

3©Jlfe<fc^S i 1 _ Jt Ge,©H5flB^4©jiK:J:o'Cf«rfB 

r&o. 

BUlB^2©B©J?£#1^2 0nm. #*0<tt4^5 20 
n mt^ 0 > »82»2 ©»©««WK:iStttt K^-O F 

SWE»«LbCC, Ge»*x#0. 3 5-0. 5©fgfDS 
i^.Ge.^miOH^t'^+^^^JSTSaPg, 

iufB!fl2©Ji©±tt:, iF-^©Si©*3©itit: 

fitjfB3l3©/l©_Be:> ctitc<toTBEffiO*r^*n*5 

i Ge^40l^t^t^t yvffifitir & SIS* 

mfK*4©H©±K: % Ge»$w^0. 5— <1. 0 V 
w-x>o. 2r#>9. cntc«t^rfflHfi>r^JPto 

o/tS i 1 ..Ge.©»50l*xW*^t;l*fiEi'S 
gg, *yJ:WWE»5©ll©±CC % Si^Ge.OSB 

[8»*3I4 9 ] ityfBS^ 1 ©BOOT^eSEfllSfi^CC, y 40 
= x + zr. 2*50. 0 1-0. lCDGe^f y^rW 

S i .^Ge,©*-^*- h 3 6 
GC^tf, »30H4 8K:s2*8©*tt. 
[B33B5 0 3 SWB*4©Ji*. IHBOtt 
C&Gelt03%7cAJbWBC6r. GeM©2;&7t;/& 
S*«ec £275-350 'C©fig81"CJI?fiE3 ft£ , 

[»#«5 1 3 ^5©B*»fiE*rSHUiBl2Pi^, fufBSI 
5(DlWegiw^ B5IB!fr4©Ji©Jfi<©fB#t#J 50 
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*Cc(ST3-tt4aHf*«to. B#«4 8K:IE«©^a. 
[»*315 2 ] tulBS i ©Iff 3©@£, JVStfHBiiJtt 

fc<fcor«*&F-Xfi* k ^^^©E&tcjfct;, o. 

4-4 2 5 K©f5H©fiffi©H»<t l/rS»>ft*r £ C t 

IW0|48K:EKCD»S. 
[19*55 3] S9K#2©JB#, fulfill to J:tflfr 5© 
? t ^;i/M^T^M? Si©l!yfBSI 
3 ©UK J: or mriB^ * *iHBK^6»«S tift: F 
-^Si^.GeJt*^, B*S4 8fc3B«©*ffi. 
[ft*«5 4] 8ufBH2©H©H5fB«t&Ji^, itulBIM 
is <fc tfS£ 5 J&JflSS * * * Jl/««©Tfc#JfcS ft* 
tiff B ttffl S it-.Ge.Jf&cJcot MIS ^ * ^fiW** 5 

ftmztiz. m^m 5 2{ck*m>#£. 

[»*B5 5 3 

h?IB»R±CC, Ge»*x#0. 3 5-0. 5©MflJS 
i 1 .,Ge x ©mi©ll ; &^t:-^^^-r^fi£'r€>SFg, 
B51B31 1 ©H©±tf: » cti^cJ: o r fflBO-T JJDto 
0, Bu8B»l©»CC»'r4C©»©ISIISS«fcO t>»l* 
G e <DW 2 ©II £x f % * f + JWEflWSRB, 
tW2^2©JB©±K: % Ge&$w^0. 5— <1. 0, 
w-x>0. 2r£>9, ctifci or BBBOT^ttlto 
o/cS i a _.G e.©»3©KieJt^t«ltt-5 

BtrlB03©H©±Cc. iF-^©Si,. I Ge i O»40 

JB* X fcT £ * V + M&Wfr Sgpg, 

BufBlfU ©JM©_htc . iF-^SiO»5 0i4xt: 

JPSW" 5 ^ p * + * ;U*»J»* F ^ > ^ ^ * © 

[»3PB5 6 3 ffifSBM 1 ©B©C>r*ffi««JB*K:, y 
= x + zr, z^0. 01—0. l©Ge»$y*f 

S i ,. T G e,0*-^a - FB*W4SR*3 6 

[B*B5 7 3 tWB»2©JB3&«, IHIcdBS 
C5GelR©3^7cJaEfi3&sece>"r, Gem©2^7Cfi£ 
S^@C £275 — 350 TOSSiitM^n^, 
B*B5 5CCE*©*& 

3©jf*©Ge^aw^r, lufB^ 2 ©Jf©ifi< ©tSMW 
CCjKtiGe^a*»^» WulB03©H©±ffitC|^^or^: 
«cfiTS*SR»**tf. IS*^5 5k:fBtg©^ffio 
[B*^5 9 3 S5IBm6©H©P^F-^S i»..Ge. 
■OMCWftl^ Sr8B»2*yJ:CJ e »3©B^6fiR*^ 

^*Mi«©±tc0Asn, s i ©frsBarsoiifectv 

S i ...G e I 0«E»40l*6«S*^^fil 
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«:J:- 3 -CiJiaf'-»'*^««*>?>»*S*iS. BH*a5 5 
tWB»R±K:. Ge»*x*JO. 3 5-0. SOjgfOS 

G e ©?g 2 <DJi£x fcT * iVf&f&S Sa«L 
fiJE*2©)l©±K:. Ge**w#0. 5— <1. 0, 

SB, 

ttFlS^3©)lor)±R:, iF-^0Si,. I Ge I O*4© 
ItxCjrtS/t Jl/»J£T &aB> 
MIBffl4<DJI<D±fc:. pfiFWOSi^.Ge.OSS 
fcT** f-r ->H&iWSaB**E* p ^ * * 

m>me 1 1 «E»i©»©i>f*fi««fitK. y 

= x+zt, z#0. 01-0. l<E>Ge#^y£W 
U HJSB»10»CC^SC©jBOIKJ»«S«fcD 20 
S ij^Ge,©*-^* - hJB*JBJSE-4"SeHf*S6 
&c$t^ B3jc3B6 0 &cfEiK<D:fr£ 0 

fisPgC -5275-3 50 'COSflCSBHTJBSES ti*. 
M*S6 0 CCiBtt<Z>:£&, 

[»*3I6 3 ] m3<DM*Bf&T&WIKEW&* WE* 
3CD@*OGe^Mw^:, buIB^ 2 CDHODfi < <DtB#f W 

#K<5TS**a«**t*. IS^316 OCCfBtgcD^ffio 30 
[M*3B6 4] WE»5©JB*«. «TlE»2teJ:tf*3© 
■*6JS4***JVlK*Z>±K:*J5S3ti. S U-.Ge, 

fcp*F-^S i l .,Ge J1 i*C*S, IMfcH 6 0 frciBfS 

■r^s i jg^c<fc^rtufB^i>^;^i^6^St^n/cp 

JBF-^S ii.«GeJtW. It*31 6 0 CcEttO* 
^ft< ifeHiTE*7a^L»2(DH*aJf?WK:»5S-rs 

c i k «t o r RiRittjNtr * a». 

IWB»7 0)i©±K:i/a * F*- • y- hSiSrJMt 
aa«> 

may- f®b<e>— *a>miK:v-x«s*»flfrsa 

m. *$J: CrttKy- F H®£> *> 5 -ifrOflMK: FU-f >« 
[ BWBI 6 7 ] MMag 4 8 «:IB«©*ffi* 6 J5E4 > 50 
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4>&< ifemB»eai»i/*2a>»*»!W«:ift*-r* 

fffBB»B cdJK£>±K^> a * F *- • F «S**liW 

I*. ** <* cftway- F H@<D 4> 5 — F U -f >s 
[»*16 8 ] flt«JI4 3 KE«©#ffirt>&l*4. «!* 

4>tt< ifeflWB»7tt^b»2©JB*«RWCC|»*'S-S 
C t CC J: oT»IKi«**JflEr&g», 

ijiey- F»«*±ccy- F««*?B«rrsaw. 

[ 6 9 ] MM&H 4 8 fCiBKCWfrjfefr £ . MR 

4>fr< ifet}E»6&l>um2 0H*aiRWK:l**'rS 
C i CC <fc o J&S"f & &B . 

mnzme <DM<o±tcy- Fswff saw* 

K. tecfctfffffiy- F«fio*>^— *©»J«:Fu-<>« 

[»«3H7 0 ] m^mb 5 (CiBtt<D*ffi^6>«4, 

d>ft< 4felWa»6tt^L*2©B*jW!«K:»*rS 
C i CC <fc oT«IKH«**ldEr 4KB. 

SJE»6©JB©±ccy- ms#*»i3fr*aB. 
mrsey- FSf«#±ccy- F«ffi*JK^w*aB, 

«t cf«Ey- f 9 f u >r >m 

[HWCS7 1 ] 1113^6 0K:BIM)fttt*&J*S. 

^< ttlWB«r5ttir»b*2©B*»?WK:i»* , j-* 
C <!: J: ortSaMRM^fiM" £&B* 

miiams ©»©±ccy- FR»**»j»r saw* 
Huiay- FSfHf*_Bcy- F«s*»flfr4aB. 
mfiay- f — Jj(dm icv-x 'mm* fc&t z> s 
n. fe<t ^lay- f mmot* 5 — ^©fflfjoc f u >r >m 

[»*«7 2 3 ^ H B B a«^fiK*r^ap§, 

UJiaSttLhCC, Ge»*x^0. 3 5-0. 5CDjffOS 
i 1 ..Ge.©Wl©»*it?**^+>I**r*aB. 
0UlB®l©Jl©C>*r^6M1tit*CC, y = x + zt z 
^0. 0 1-0. l©Gefl»y**U «B»l©i 



11 

10H<D±tC Si,. I Ge I ©»20i4»«TSaR 
[000 1 ] 

iftffl jfccci6fflpl«tt»a©i t * * ^ * ^WWli* F 5 

5>^X#*fj§fci, SBF-^ ' ^f^OflKfi (modulati 
on-doped heterostructure) U ^>H, ^ 

[0002] 

+ y + iETL) E»jW» F-:/©* + */WtrS 

c o , ^<d/c#>. ^w«»a«: ct ir y 

IE h 7>^X^? (HEMT : hiqh electron mobility t 20 
ransistor) * tcWgM F F 5 * 
(MOD F ET : modulation-doped field effect tran 
sisitor) ©SW/«(¥R:P8^**^-CC^. H» 

«W»ff'Cftffr*«»ffWB». S^*t(BS, AXIS 

Wa/c3WBtBft I I I -V« (mtfGaA s ) # 
fWfeiCWBBaWMRSti-Ct**. Wi^Wtttt I I I 

[0 00 3 ] Si mitK&<Dttn&<D-m&s 1 99 
1^5^2 8BtCP. M. VP*> (Solomon) GCRtr 
3*1, #0J3ffl#©li§A&C^S£ftfc r Germanium Chan 
nel Silicon M0SFETJ it^«»©*H»*r»5 0 1 9 
8 8 2#tcBBShTl»&. *HWfr*5 0 1 9 8 8 2 

±KflUI3*ft:^y AAA»**tf. 40 

[0 00 4] S i&Wi£5&<Dmims i GeW^ 
«jg©»2C0«^ 1 9 9 6*P7£9 H&CK. E. * 
-7>f;l/ (Ismail) imftZti. *IB3NB»O»«A0c»« 
£*lfc T Complementary Metal-Oxide Semiconductor Tr 
ansistor Loqic Using Strained Si/SiGe Heterostruct 
ure LayersJ b C» 9 ^ffrCD^HIf i*S& 55347 1 3^ 50 
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KEHSht^S. *H^I*JS5 5 3 4 7 1 3#«:«. 
S i/S i Gel>r*^0«JtnH-±KWtb*:, E 
tf^r*^»toOiE?L«»K^WkSn^:«ii*S i G 

+ ^-YXCCfiJfflOte^y 3>CMOS r^>^ 
***«#EttS*VClr>S. S5 53 47 1 3#CC»3 

L/t:«MB-r4aJ6©EEiior*s iGe»tt, 

^am^mmutci bmsos i Ge p***^ 
ars^c ioooc m i /v s ocjftar at*. 

[0 00 5] 

[*l»36«)IW*l/J:9i-r*IHil] 1000 

ei OPS 15-20 A) tGe7O-8O%0SiG 
ell (J5£ 7 0-10 OA) <b^^S^*/cW2i 
«jfi*Wrap^ + *^88!t*. SiGeM^tJ;^ 

[0 006] *«9H<30— B Wtt, S i G e Hfc J: C^H 
«CC|«*tt G e MZ&ttm&Z fctt 2 Mft JfthKilflFS 
nfcpaSE«F-^«W«l*F7>^Xdr (MO D F E 
T) tSftf^CiCC**. 

[0 00 7 ] *»93<D— BWtt, &SK3*j£bfcBWG> 

[0 00 8] BWtt. * S 

i G e M tm* G e M t& e>J&£«l^£ fctt 2 JiUjgr 

[0 0 0 9] *J6WOffiOB»«. + *JM*» 

#j jp. — © s i Gel^t^^t *iKCjf<r*+ U 

[0010] *«98(Dffi©aW«, BEffio-r^oat)^ 
/cS i GeJf <LGeJBrfpe>J&£9, p^^^^-^^V^ 

[0 0 1 1 ] *«IB©fBOSW». y-JB* 5 , S i 

[0012] *»?BOflfeOBW«. GeHffi^m* 
^CT^S i Ge^^7r«Jt*«:i^*ft:tttBK©*- 
^ct/A- FJB*ilftl , *"4CiK:J;oT, ^fMO^fQS i 
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[0013] xmivmvmm*. si p * * 

♦JbMOSFET, ? + *)VS i Ge p 

MO D F E Ttt 4ST©«^lE^JCtb^ri«l^jE?L»ttS* 

[0014] ^?g©ffe©@w^ * + y 

Itfc&CC, ;<^Si pft*;H40SFET*fctt 
H^^^US i Ge pft^MODFETKtt^ 

rxjntakfiwwbs ftfc p * * *^mo dfet^s 

[0015] 

[HB4IB^t^/c«)©#g] *«WCC*-3Sr* S i G 

e m tmntfitctiflfr* g e »*> e> fc« 2 urn 

0. 35-0. 5CD3SfDS i 1 . I Ge 8 Ogl<Dl, SI 

hfc*F-^©S i l ..Ge.a>W4©IB. 04©@©-h 

ffltoD* mi(Dmms i 1 ..Ge.JB©±B«c»orB» 
-C£>£, ^F~:/<DGeCD3f5©Jt. JP5 <DJ10D±k:x 
tf***/ + ;W&fiR3ft* Ge»$w^0. 5 -< 1 . 0 

o, w-x>o. 2r#>o, cncc^orEEffior^^ 

tcflr 6 cDH<D±fc:x tr * * > * £ titcM F - 
S i a -Ge. ©«7 ^ 3 ^*-B14» 

JB©±fcJgj3tU ;^-r.>^lt k p^**;l^f?$J 

* 4 FU4>*J:t^ y-F©WBI©«B 
«j& *CC p S««*r & C t *C J: o r Jgflfi" £ C <t 

ja*JgflEL. «MifcttpfiF-^Si 1 . I Ge I ©* 

8tt* + *^*^»*6^***^~^ B ** ftF 
-:/©S i ©»3©H*J<fcCf«RF-^©S i^Ge,® 

f$4 2 
[0 0 l 6 ] #569JttS&«:, ***JU©IE?L#»a# 
fa± l/cpft *>U«IW»* F * ***£#*©» 
j^££ffii£T£o C©F*>i>X*tt. ¥«frS«» 

35-o. 5<DJgfns ii.*Ge a omi<Dm. mom 
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Ge.©#2©»> »2©«©±«:*e**5/ + >WP« 
SftWHSF"-^©S it-Ge.©^©*. J?l3©Ji© 

x^Ge^Sl^BCOlI^Otl^fitCoirciK- 
:/©Ge©ffl4©Jf , »4©»©±K:xtrjr*^f^ 
Ge»$w^0, 5-<l. 00t k MOT 
^jfofro/dRF-^S i.-.Ge^^SOl, Uh 
Vicm 5 ©JB©±«: xt^^t ta/cM F- ^ 

©S i»-Ge, ©*6 ©■***. C©«Jf«l3ii§:it 

gaBF-^-^o«a*BB2L. p 
SF-^S i 1 . a Ge,©»2©»*s. S i « WJS i 

[0017] ^**;U©IE?L^«&K# 
r^j± bfc p * + f 9 ***#*©» 

35-0. 5©«fflS i.-.Ge.OSriOH. *1©» 

(D±&cxtr^*^f jv^issn, ctitcj;-* rains i 

1 _ K G e, (Dm 1 ©H ©±® K*t L/ r |SJ^£ ft ^ F - 
^OGe0*2©i, *2<Oi©±«:it*+5/t^ 
fi£$n, Ge»*w#0. 5-< 1 . OOt, EEffiO*T 
^JUb-p/ciF-^S i a _„Ge.©gf3©JI> ^3 
©Ji©±ft: x fc" £ * + Jl/J&JS 5 ftfcJR F -^(OS i 
...Ge,©^©!. £6WCf|l4©B©±fc:xh;#* 
t/tM^MplF-^S i l .,Ge I ©05©I 
£$fr 0 C©Wi«»8BH*. SEHF-^-^o«Jfi 
*IBj£U et*&JBS/c«pMF-^S i^.Ge.005 
©JB*s. »2*jJ:^S3©8?:^i£fflS^^t*^ 
±£{4g-r&o R«ftc, WftlifettpfiF-^OS i 

t-.Ge.ossoisseic, m3<Dmtm4com(D 
[0018] »fn (9 0%ffl) s i 

1 . B G e,;< ? 7 Ti©j6ftWiyilJi*««TS. ^© 
»ae>ra»WK: (^/c^S^W^) ifA^^^ci^J: 
nfc, x^O. 1-0. 9©3B5Mi*n (5 0%*^l) s 

^nRiWt-s^cciaasirsw**^*, y = x + 

z-C, z*50. 01-0. 1©S i a -vGe v ©02© 

CtiftCi^TT^y^^aJ^lttfPS ii.,Ge,©»l 
©H«:i:b^rS6>K:lSfosnfcS i u -«Ge,©m3©Jl 

m-r^mm<omm(omm^ c©»2©«©ws«cj:o 
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g e , ©sr i com text? h c ©s©ikwj? 3 *c £ o trs 

# v S i Ge»fcctC?iaRW«:«*ttGeJB**to«^ 

new*. «iw»*F*>^**tt. ±a«s». 

2Jf* + *Jk &F~:7©X^*««fc<fctfpSSF~ 
f > y«MteSWW KB** 4CfcfcJ:oTtt0fHSh 

[002 1 ] 20 
[RIB©**©**] 0B*#JST^. m 1 *»IB 
6C«W»lB*^-r. «^P?t^«BF-^S iGe 
^p«J6©a)B«JSl 0©»rffiBI**nT. ill 2frl> 

Si, SiGe, Ge, SiC 4 GaAs, 
SOS. SO I , #>F • T>K • if^'^ * 
n> • tf> • -Y>5^ (BE SO I ) tj:£<Dmt£ 

a&m#w6Li i©±k. mmn&ivzmm (uhv- 

CVD : ultra high vacuum chemical vapor depositio 

n) fr+^t'ziru (mb e ) . mmMvzmm 

(RTCVD : rapid thermal chemical vapor deposit 30 
ion) ft£<D*VZ*U + tof&&tt : S:titlKIOX*lZ$ 

V-CVD*tt«cocvttt. #M«:J:^r*l8IIB»«:» 
*ii*tli» B. S. v-f+-V> (Meyerson) ©1 9 
94^3^29 B#6fT© r Method and Apparatus for L 
ow Temperture, Low Pressure Chemical Vapor Deposit 
ion of Epitaxial Silicon LayersJ <t0 5;g#5©^B 
m^m5 2 9 8 4 5 2m0MStitc^ o 
[0 02 2] iff£Ll,>mmmm2 0*H2(CS*T. 02 40 

02&S. JfirSLlr^U n>S«3 l©±&a&S5-tf 
ftJB12A. 12B, 12C, ^13 4^1/18 4 
iSffaH«jg2 0©»r®©Sia« J i L SHa» (TE 
M) 3?JtC*S. 2'X4*>WmftVx& (S IMS) r 
fflJEUfc, H2©S i Ge»»«JS2 0©S*j£-rSGe 

fcfctoJ:*©*****. 03©tffiiSlSI5#2 1 'ft^L 
27\ 1 2B'*5<fcO f l 2CU H2tC^LfcH2 1 50 
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ttt>L2 7. 1 2Bfc<fctfl 2C©GeifiKtcStj£-r 

[0 0 2 3] B4B, l33©±a5©^©^H"C$>0. 
f^^S»W*?nt^5. H4©*fl8©«l*« 

tt, to*y<t*©SSfcStTSGei«KS:^'r. 04©3E 

[0 0 2 4] Hl*5J:Of2rJll 2A<tfBbfc. 1 
1, 3 lOiffifcJ&fiSSftfcttfllS i,.xGeJ^ 1 
Oitir^t^iB, GettfiE3^l8HfWK:^kLfc» 
2 lttC»L2 7**tJ8lli«Jft*6tfE*. »2 1&1>L 

/c&«£&*^T£«»*e&&si 2 k^l^ie:? ^ > 

^ • 1;- F«3 3 4^Lr*©T©S«l 1 . 3 1©c> 
3 n/c@ 3 tc^T*f SU^07 7^^4t 
• y-FiBHcoivCB:, #MK<fc9«3 
iffl#&Cffl#j££ft£ 1 997^8^1 9B#Mf©F. 
K. U^X (Lepoues) fccfcO'B. S. ^+>-V> (M 
eyerson) ©*S#f*S!5 6 5 9 1 8 7#CCBBttS tif 

[002 5] Af77il2tt, 112A, 12BfcJ: 
^12Cm, *fiJl«*F-^CD«*alB-C. 112i 
13©Jffll9tfi3 0«SB5 0^ »*0<«*J3 
5%<DGeiffl(S€: : ffT£. 

[0 02 61 11 2 ©mS©HH""CB* £-TSiS«l 
1 % 3 1©±CC. Ge««t3C»«:WfcS*fcS it.. 
Ge,112A4»«U ^TH12A©_Ht, y = 
x+z, z#0. 01-0. 1, JfSlX&SO. 05© 
S i ^.Ge^t-^a - H 1 2 B4MI, *» 
KlJHl 2 B©_hCC, cfcOafPStifeS ia-xGe, '©Jl 
12C**fiWS. «*WIC*w<S/*-hJBl 2B 
S±(4©S i^.Ge.'SIBl 2C^I1 9"C 

+»tC«3fPStiA:S i o . s5 Ge 0t3S I12C4 

aKR-rswiHr^-^tt* 03©ft^$P^2 i 

2 7'^b, ftKSK^l 2B-C.*StlSS i.. §D Ge 
..4 B ©*-^t/»- h)pi 2B4«fflt^Ci^S$U 
t>. ^fOS i^Ge.ll 2Cm ^Hrt (in-plan 
e) ft^SEKa,^. (x) ^SJ ( 1 ) (C<fe-^r#*.6ti 

So 

asice (x) =a 5 i+ (a c .-a S i) x (1) 
Kr, x«G e ©^*fi, 1-xBSi ©^WMr^> 
0, a 5 ifcJ:c>'a c .«^n^n. S i fei^G e©tS^ 
5eKtc»|£r4. Wot, ft±fiOSi,.„Ge 
0 . JS SB»#>9 0%tt«!3ftS#* Ll^-^-Ctt. 
112C^4. 9 5 6AS:a*S«HF-3@»*W^*. « 
5§ffKCH 1 2 SfllH 1 2 C©±®£ fctiWffi 1 9 t 
-e©T©S iSSl 1, 3 1 ©ffl©tt^8E^fc:eH-r 
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US iO^ftOl. 0 4«T**fctf>* S^OIBCCB 
4. 2%OtS^^^fffirT^o ^WrMl 2<om 
SB, 0. Z^SMmifSCiJ&ittS, #2 IA>J* 
Sttift2. Gei^O^r^W 15 

ffiftfic (itlBWCCil«gC4bS-SSJ:?)«>»*UO x = 
0*6x=0. 10-1. 0£r, #*L<«H2<D» 
2 lttC^2 7*jJ:0 f H3<0ft«»»2 1 'tt^l/27 ' 
K5»-J:9K:. HCTiKSBWKO. 0 5Gefoi§^ 
mx = o. 3 5£rit*;*ii& 0 io 

SUDS? (XRD) *«JBbt. H2©»fW'>^«tt 
©«Ftt*» ffi L//c. (004) SWOttM* ^ ^ F^ 

05<DXH5n?^>y • ^7-^6 2^Cm-r B ffiVttc 
J:*iB, SiGe^77Tll2C©±», !»il9t 
©♦(HfSRtt* T©SiS«3 1CC#UT*J9 5K©0 
T#ttW*^4Ge»Stfx=0. 3 5ficaff£t/Cl> 

*^ft*3W. ft«6 2©tt«fiM*6 3tt. «^jE?L^ 20 

**jh efcctcf i 7<Date[gjfx-<^ h a 

ms 2<D&mfflftG 4B. fflJS«rSBWtca<fcS1±fcH 
1 2©a95ESJf^^^ h;l/*^"T. ft*&6 2©ffi*§l9tf> 
6 5lt *-wCi/»- FBI 2B<WBJ£H*t*'<* F^ 

*7jVr. fl^6 2CDfl^^6 6 B. 1 1 0«BEI3 

[0 02 8] V'j3>l*5ct^'j3>E Tttto-fe 
Si : B, Si : P. SiGe, S i Ge : B, SiG 
e : P. SiGeC, SiGeC:B, SiGeC:P 
4jsRfiSliS»*OC»*j£«. 5fc«Cjfi^fc^-f+-V> 30 
(D*B»»*5 2 9 8 4 5 2f CCE«©UHV-CVD 

«a««:aaauHv-cvDSj**Btt* p-t^ow 

401/ K-^^X^tt (Leybold-Heraeus Co.) . X^x 
-f>0X^l/X (Epigress) tt> » — 3 

-^fflO>3>3-7 (Ronkonkoma) ©CVD-f ^ >f * 
^y>htt (CVD Equipment Corp.) #»6A*TS C £ 

[0 02 9] F-:/S i Ge^rP 

«jfi©8Hnma i ont *-*\ rss^t^wroF 40 
:t-hs fcisftttn £ ur ara-r s p ffl k - ^oasfn s 

iGe|13^ Hl«c*"rJ:5«CJil2C<D±fcJR« 
-T£ 0 II 3©W3Bl-20nm % jff$L<B4— 5 
nm"C*0. «RWK*gttttFJ— ©F-^»*. 1^ 
3x 1 0 11 cm-'tfttfhtfaSftti. gi 3©pSF 
wOMi, H 1 SOxb'^ + ^ir^fiSfi^CcS*^* 
ftjjttOB.H.rF-mciW^t, Si GeJl 
1 3«l^iAtf 0 S i Ge@l 3 LI** 1 ? 
JRFwO F • ^7 7^1^0- F-X**l- 
5x l 0 cm'ilW CC^-To pSSF- 50 
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^■»13©±CC % ilU^r^- 
1fH<hLr:ttf#*^*;I/J&fi3#£. H 

6teJ:tf 1 7^6#l?tT£S&t£T&o »14©«3 

« % ttffln i 2 <e>wm i 9 rott-TfjiBccst-rs^y 

>»©«l|L*S<tDt»< HI 2© 

Irani 9^jgfPS i illl Ge,.iJr»ilW)il 3 

[0 03 0] jmF-^©»l««IS i Gell 5 

fll^H 15B, 116 *$ J: V 1 7 ©IE?L^i6^£^< ft 

jf-rs^fecc, hi 6*j«ttf i 7*4tf±©a^t* 

;l/3 3rt>6«l 3©Fws>h4S6(C^(Ht4^- 
1fH<£>fiij££-r& 0 I15©S3B0-10nm, 
L<B4-5nmt*^, p * ^WW** F 
X £ CDffi^- p ^ + * ;U 3 3 <Dl& 1 <DSP# ilt £ 
Ei^Geil 6*11 5©iKiejrtJ/tW 
fi£i*£o '>'J3>SS±^t^+^t^GeI^ 

MKli-.'CfflaSM^n^l 99 3^1 1/3 9 
0^?T<D THeteroepitaxial Growth of Germanium on S 
ilicon by UHB/CM)J tCO«^©S. T^VU (Akba 
r) , J. O. (Chu) v fecfc^B. *^>^A 

(Cunninqham) ©*H«KF*5 2 5 9 9 1 8#*#JR13 

n/ci^„ 111 6^, ie^p^ + ^^3 3owa&ai»ji£s 
Xfs, g i 6 ti i 7 ©s»Hrofas©ra)Htt<sr©fliJB 

tf v HI 2C^ffil 9-CSfOS i,.MGe 5 . 5J ir* 
^JT$Ll^-^"CB, GeJl 1 6<D/¥3#0 ~ 2 5 * 
>^ha-A, »*b<ttH6{C7n-r2 0*>yx h 
a-At*^ Gell6Ol3*20^>^hD- 

AK*B#-r sfc*fc:B % n i 2 o^a 1 9 rcDts^-raipg 

9 0%St*nS i o.ssGe^.as^^^TO^ISPSi 

gr**c£«:s;83nft:i>. cntBSfto, Sffii 

9 CD £ C rJSfflS J&BGe Ctl<fcHfi<, 

B, M 7 tc^-T <t ^{CGefl 6 ti:9mXfflfi& 0 5 „ 
[0 03 1 ]16^C k 1 0 4 — 1 0 6 ^PS/cm l CD^Ii 
^IB«rWrSGeJBl 6*^*To Geiier^DfeS 

■ftPB». JdSrcctfcfcu. si^Gcintcats 

pJfiBtt*s*5. S i^.Ge.Il 7<DS«XR5*>Sfc:l 
0 4 - 1 O^B/cm'-CttWtitfttettl*. @6K:, 
11701E ^S4 2rcD^ht5*^To SWi^B 
B. HI 23&«lfffil 9t?9 0%««I3n-Ct»SCi«:J: 
otlO^i/cm'Satcfii^ntl^o n^fno 
^•-fe>hB, 5feCCj6^ft:X*H*r (XRD) 

^5e»*»JS-r 4 c i ct o r *^^> c i w-c* 

[0 03 2]@7^c k S6tc5SfHcDH 1 2&1>U 1 8* 
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5@R3&$9 0«*»DlBfnK:3PtJ£l/. l^fAVxr(iS 
*L/<ttl» 1 0 B XR§/cm 2 £ifi*-£, -SJ^IO 6 - 

[003 3] SI 6 <DJittt\i% s pftWS»aSh7 

£Hffi£>lT*S i GeHl 7*xfcT**S'*JWSftS* 
SiGell70GeM^ J5£40-100* 
r a-A&C*tLr5 0%-< 1 0 0%, 5?£L< 
«8 0%t*5„ *SUt S iGell 7®y;W- 10 
^A^g*. Geil 6fcifilr\ ^OTSPCr) 

0. 9 5Ge^e, SiGell7©±»©80. 5 0 

[0034)117 (D Jh&C v p^tW3 3*SI*6 

g|>££T&S i Ge + tf^ll 8£j&g£i±£o W£ 

HI 7©f?tt2-2 0nm, ^L/<tilO- 
15nm^^. 113, 1 5 fcitf 1 8 OS/ 'J n>/*20 
AE V = (0. 74-0. 5 3x0 x 
±&rC. x'tt* HI 2CDJifaS i GeXtiHCDGe^ 
S, xtt, jE7L***JWDGedjlT**. C<DS«, 
#MKJ:^r*WIB»«:tt*ii*n*R. (Pe 
ople) fc<£c>*J. C. tT— > (Bean) CDfBlfc TBand ali 
qnments of coherently strained Ce^Si,-, /Si heteros 
tructures on <001> GevSi^y substratesj Appl.Phys. 
Lett. 48(8), pp538-54a 1986^2,3 24 B&t$E£- 3 *VC t> 
& 0 117^ «fnS io. S5 Ge,. JS ll 2 

©±fc»Jffi3*ifcS i 0 . 2 Geo.,?tWMi^ 30 
*om : ¥WD*St» (AE V ) «443meVf^ 
0, JSSftGeO^t^Hl 6<DJS^«. 5 54m 

S i Ge'*fcttGe»CDB»or**«S6«:, ffi«??S 

(ii^TO^T^^t /cjETLSSMK: J: o 

TiE?L^«bK**lpJ±U acca^Si*?), M. py- 40 
(Rodder) {fe<Df££ Ta 1.2V, O.lym Gate Length CM 
OS Technology: Design and Process Issues J , I ED 
M 9 8-6 2 3te«£3*VCl>S<fc fflcftl 5 
crnVV st^S i p^t^H»»F7>^ 

JH> HI 7**/f 3 7-^8 nmCDS i,.,Ge,.,^t* 
;k 11 6^)1^1. 5 — 2. 0nm©Gef t^il't 

lETLSttSH*. 300K-C900-1 400 cmW 
s, 2 0 Kt5 0 0 0-1 0 0 0 0 c m 2 /V s ttj; 50 
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J:5&cr£C£#-C££o II 2C^»I1 9-CJKfilS 
i «> . s s G e o . 3 , /< » 7 r »iH90>«mBPlI«:WrS*i 
^ f(DGe§I«2 0-5 0%, W£ 0 < «3 5%~C 

[0 03 5 ] ^^;l/rt^0jE?L©Kii^4d<tc>^0^ 

G e 2 oOl^flf^l^f * * JUflBtr 

KftftGeO^Sa^SiJ:H4. 2%*£C> 
c<hCcjaHL^m^ffffll>T^JSHr&S. H l 2© 
MfOS i GeA^7 7 l©±(cM?n/cS i GeJ/c 
«Ge^ + ^^HCCEEffit>*r^4^D3-i±, Cti**» 
4C4*««ifiW«:pJ|fittCtCCj;or, Pf + ^il 
6te<fcVl 7(Oe^fcJ:D : ffimT^^j: i 9^b3ti:^ 
CimSo pft*^SF-^^fa 
#fi©»WteKfittA^j*-*«\ 5S; (2) ccj:^r# 

TLhtiZ. JBl 2©«ftS ia-.-Ge.-xtDtCcatr* 
S i ^.Ge.SWiG eEaof^t*^!©!** 
SM-^-fe? h (AEJ -C&& 0 

(eV) (2) 

[0036] 3e>*c, B8«c>tfMa7 ltc. awcafas 

n/cS i,. ls Ge,. M ^77lll 2<D±&CJ&B£tt/t 
S i ,. 2 Gep.,/Gea^p^t^3 3 <Di§L£fc:»*r 
& 2 ;&7GlE?L^Wfc (2 DHG : two-dimensional hole g 

as) omfeiE?mW)&<DMm>$:^-?o ttm±i>x&u 

7 2 6Ctt % fiGe^SCDS i D>75 Ge B . 2i ^?7 7 ©i 

HI 20aS«CKW-tC*fLra^P^ir*^3 3*SK« 
£SW^Tl>C<t£^l/Tl>£ 0 08<D$S!ibte:. cm 2 

LfcSS^SI*. ft«7 2«:^l/yt»«6a©S»c^s& 

t^P^t^3 3?:, Si 0 . 6S Ge 
B . JS |1 2 cfcOfeSfflSO^Sl^ £fcttGe^fiCD<g 
tiXfc*^*-> + ^H<3!>±k:SfPL//ciS-&^S io. 2 Ge 
t ../GeMp?t^3 3^DI>i70C^1-J:^ 
«C«JiXRiO??fiCC cfc M7 1 fc^T S i o . , G e 

6-7iSiS^ 0 ft|g7 HC7nLfdt^P^^^;V3 3(D 

U — mc l 0 4 -l 0 B ^R&/cm 2 *C£>£ o fflS7 2 

Lfc*>OiBI*©^B««t*L, -»10 6 -10 8 
WB/cm'TiS. 3 0 OKCCtoWStt^p^f*^ 

3 3(D»»a/i h tt* ffi* + . 4xio i2 c 
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m - l "C1 3 60 cmWs"C*^ 2 0KOCbW*« 

17xl0 12 cm _2 "C9800 cm ! /Vst*^ 
[003 7] 09 tC^-rf^gHife^Slni, ^ f77B 
1 20r>±CCBl 6*<fctXl 7t4tfft*M3t, * 
+ *;l/4 3<E>±&CS i Gell 5 £, HI 5£>±fc:S i 
HI 4*, S i HI 4©±KpfiF-^S ii-.GeJ 
J&B1 3 S i Gell 3<D±«:B. 

tt. Hl©««K:»l6r*««K»bTHD#JBI»* io 

[0 03 8]Hlttt, p* + *;U3 3TNDiE?L<DHi& 
fefe J: * * >; -MMW«**!HK:«T3* S c £ < > 
lvT*i*--#©**<-- 0*. «*«S i !WB1 4 

S/c«S i Ge^-ttl 5*. «^p^^*^3 3 

[0 03 9] H9KS^«F-^-f^80O 

cfc^r, gia«2 0K) t©^tyt#^ftiifti 20 
tc s i x^--fhi 

44 S i Ge^-fil SOH^Ufti* 1 -*©* 

4 3WH 3*6»urf*4#. Kgstis&MHw: 

[0 04 0] H9tc^"rJ:5«:«|&Hl 3*«ffitt^ + * 

a^p^^^^H**, Sl>GeH16 (#ffil9TTC>lfi 30 
ISWSfil 0~2 0A<fc0fe»lO iSiGeil7* 
GeH16*12CIOifc0ffiU W 

Ml 9*j&SWS. HI 6*»<fcCFl 7 tt. WRMlh^ 
^y^jr©?-^*>U«*4 3 4Ur««r*. s 
iGeX^-IMBl 5 4S i X^-tll 4 2p6J?S9, 
±O^Hl 3©F-^>h*. HI 6fc<fctH 7^6 

(D±frc, gtt***JWll 6teJ:tf 1 70±©Ft-l 
*fcB«ftitl/t«W4paF-^S i Geft» 40 
113e^oll6, 17. 15, HfcWl 
3 cD^l/ v ^ AMiJi^JI S S iGeftlSI 1 
3t^ + 4wU3 S^T^^Sa^**^^® 1 0 

[0 04 1 ] S^pSSiGe MODFETr^ 
A XWI0*S 1 0 te^-r. il0©^12-12tc 
»-*fc*rIi*Hl IKS**. S 28pMO D F E TISIH" 
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£KHt, y-hCD56ffil/#, v-^*J<fc^Fl/^>©* 

^Ag^#>3 * h*- ■ V- h<D7 v Y7 x )ls htm 

ft&M. T?7t (Arafa) , K. ^7>f;b (Ismai 
1) % J. O. (Chu) , B. S. v-f +— y> 

(Meyerson) *><fctfl . 7f^-? (Adesida) 
Ta 70-GHz fT low operating bias self-aligned p-ty 
pe SiGe NODE FT J , IEEE El ec. Dev. Lett, vol .17(12) , 1 
996^12^, pp.586-588&CfE$3tlTC^o Bl 1 ^ 

?t*>*y. c©f^«» ( 0 1 tcuftistcmmmMfr 
ccommmmmi^ sebf^-^o 

«Uft*5*U «fti©Wtt8pfiF-^il3^ 
X^-tf-HOffl#**rS«lF-^Hl 4fc<fctf 1 5KJ: 
oT, e»^ + *Jl/««0*#*TiHl 6*5<£tfl 7 

^e^fi^nrt^o si 1 ©i^sai h ^ > x # 1 

0 o t*. G^ffi^^ * *;na«*«fisttf s ^ 1 0 

5tCtcVmZ£5lcmi 3, 14, 15, 16, 17*5 

1 0 4 1 0 4 ti0 1 0 Ktk 

r«t^CC, «tt^ + *Jl/««l 0 5©HH%^CCK0 

x v 1 0 4 S i O, ft 

©SJ£^»r*^»ttWSt»»fS*W^* C 4**f * 

l»HJB^J«-CW. y-H07#, ;Wl/-ft*kBF 
ijl/^tP (MMA-PMAA) U^* hS^flWBLft: 

T i /Mo/P t/Au©»J7 h*7«ffilLTiKS 

n, T^6±cc^or, TiHios, Mono 

9, Ptll 1 Ofecfc^Aull 1 1^6M?^5o 
c<o^n^^cX^x. y-K07? h^U>h l l 2 

<raci36^i6-c*a. ^no7it rsa^^v 
(dx h^-f^tjRaELtttjntfttfetct*. ^-Cv y- 

^*>J:0PFU-f >©aa«^*-A«d[l 1 3te<t^l 

1 4 5, ffittf^-f 0 5(D±tC^R5^#3-t* 
SCttC<toT«JiST*. C<7>4#, y-hl07CD5g 
ttSUSP^115^, V-^fccfc^FU-OS^l 1 3fc 
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cfcCM 1 4**y- H07 iJgl&T*©*!*^* K — 

-C», /?3 2 0 -^3 0 nmfi)P t ©I^i4rStt^W 
0 5©±K3S»U ^tT = 200-400 

1 3fcJ:tf 1 1 4*JPJSW*. 

[0 042] JI^p ft*^9i*JS±©»^- 

«S6CC, S i GeHl 8(0±CC3BflE3nfett»»l 2 
0*6«*. W*Ul>Wl0MrCB» J112 0#SiO 
.JfcttS i.N v *6iWE3ti4. C©^^l«6 

tc % 0 1 o ttcizntt&tmfficD^Tffij&ztitcftM 

««1 2 1, y-H 2 2. ttftCFKy-Xiitf FU 
-/>j&£l 23fci:^l 2 4^6JSSS- 

■ret* y-n22 *4&im i 2 o ©itcj&sssti 

£ e «KK«fiffi«l 2 I <D'*Z-^ V-Y 1 

2 3*5«fc^l 2 4 4M1*S. 20 
[ 0 0 4 3 ] 0 1 3 010 *5 ctCfH 1 1 CClBSgCO^ 
d p * * * *8W*fi©±fc»f¥ U /c 9 Bg£M O D F 

[0 04 4] HI 4*s«fctfl 5&C RftS28B©'^ 
T*HEKfctt 5 g SS^S^ P * * **MO D F E T 

*j<t^i i K7fkLtcmtzmmLtct><Dv. v- v • ? 

^h^U>hfi«0. 0 9 Mm, HS«2 5 Mint 30 

h 0fc»«8»J» I h,i I 2 126). W 

C«iyt#*l9WI» (MUG) (^-^^1 27) ^ 40 

= -i. 5vcctei^rfl««f «c»Lr^n^ FUfc* 

Wftpjai h„ |» 1 28), fciOTW* 

*rtW» (MUG) *J*[1 2 9) ^tjs-To 

«gpJ»aKHIift»fT«. -20dB/l oatri h., 

^sc£Kcfc-?rf#6ft£o v ds = -o. 6V-colh 

0 1 4©Hiffi-Cffl^n/cft^ 1 3 0 tCSVT. V d . = - 
1. 5Vt© I h 21 I ^itr-^'S 1 2 8 0J32&R 50 
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fcWTSfl**. S 1 5©l8»rS3&>hfc*l*l 3 1 K 
^1- D AMCC* «*»S«*f...M:. -2 0 dB/ 
10lCMUG©««(«t, MUG*J#ttCCtt5*r 

jW-r-Bcicc^-^TW^n*. v,. = -o. 6v-c<d 
MUG*»tf->jSi 2 iommsLfttt-irz>wft*s 

01 44>dMll 22tC^T. V dl = - 1. 5Vt©MU 
Gt«Tf-*fil 2 9©Ii»«Wt4W , lt l HI 
BCDffi^l 3 30C^To CO^jf^e>, V di = -0. 6 
Vtf T = 48GHz k f. llt = 1 08GHz. V iB = - 
1. 5Vtf T = 46GHz, f B(I =118GHz*» 

«fclfftMirc*S.- f..,#, l^TXSEV dl = - 
0. 6V-C10 0GHz«rfflA4CittW«:En*Krr* 

ctie>©f^i/^>3> • ^e-F«i*SS*b^>^ 
atttewcisi ofcitf 1 icciB*g<o§BS^T^y- 

[0 04 6 ] Ji&iL/t, *^<D«^tCHLr«T 
[004 7 ] (1) p^f^H^*h7>^X^^ 

if^i/tM^^t Ge»$x*J0. 35- 

0. 5©««1S ix^Ge.O^lOJl, huIB^IOIB© 
±JCXt^^tM^n/cS i 1 .,G"e I ©*2© 
JB. «EW2©JB©±^^**^*^W8*3*iWl8F 
-V<DS i<D*3<DJB* «r9B»3©JBCE>±«:J.fcr**^ 
t;«?n/ciF-7*£DS i I .,Ge )l ©»4(DR b«j 
ia^4©JB<0±k:xfc*^*ix + ;i/^§ti. cft&c<fco 

KWJ5?i:0feSlC^GeCD^5(Dlf, fyf3^ 5 <£>Ji<D_b 

1. 0, w-x>0. 2"C£>9, C*Utcfc-t>TlBIi>*r 

7<DJB*^tfgJB«£. 

( 2 ) iUfEJfl 1 (Dmvv-TfrW&n&Plts y = x + z 
-C. z#*0. 0 1 — 0. l<DGe^$y^Wl, milB^ 
l©JB«:»-rSC©«C!>IR»»S«t0fe»C»S ix- r G 
e,©*-^»-F»«:3 6«:#tf, ±1B ( 1 ) K8B 

(3) Jgtt^<-fx«l*W % WESTS®*©* tT**^ 

^Ge.ft^^Jd^M, *I?t*^ • * 
tlb^tctStc. jE?L*<t0fi»Cc:HDii«>*J:0aB^ 

( i ) icnzMommm&o 

(4) H?fB®5©IB^. ffi©fflS©Bi^4i;5Ge 
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m<D 3 X7tf8&&& Gel©2 ;X7CJftfttffi C 

^275-350 -coiaifii-cMsn^, ±IB 
( l ) KlBifcogJIfitSo 

(5) fJSB»6<DJB*©Ged*w#. gulBgl 5 <DH<D 
CC|fl]*oT*»CC«TrS. ±E ( 1 ) 0ClBtK>1WBI» 

So 

O'MfaS i 1 . I Ge I OlBB»40l*4tf, ±IB (1) 

(7) WE»3©IB«:5iaO'r*3Win*>D. WsB*3<D 
JB**RK?t\ MIS» 1 OUcDSyfBlS 2<DMt <D¥tMK.tt 
T&Com<M&HM9*!>iMi'K ±13 ( 1 ) KiBiS© 

(8) *rSBflt2©JB**, «E»5*5<tCf»6©»*>6* 
S^ + *^««OT«:j&Js!ESti, S i<D|yia^3<D@*5 

|HE»2©«O»3#1^20nm l #*L<tt4~~5 
nmt*!), ||^2©li©««W«:ffittttF^--«>F 20 
-XM# 1^3X1 0 11 cm-^ftS, ±IB ( 1 ) &CfB 

(9) p?t*>«»»*H7>^**»**"*M 

;«3tl/c, Ge»*x#0. 3 5-0. 5<DMfnS 
i l ..Ge. tWB»l©JB<0±tCXfc:ar*V 
t^MShteS i 1 . I Ge,OJS2©i l mS2SS2©Jl 

CD®, flWB»3©JB©±fc*tf**^ + ^*J**^ c 

5~<1. 0, w-x>0. cncC<fcoTEE 
(t^r^nitoofcS i,..Ge.©J»5©Ji, fccfcWiir 
IB05OH©±CCi^^+2x + ;l/^3n/cS i,-,G 

e B 6 cdb *£t* aum a- 

(10) SuiBfg 1 ©H<oo-r*e««js*K:. y = x + 

z t ( z#*0. 0 1—0. 1 CDG e^fy^WO, H'JiB 
®l©B«cS*T4C<DH©ISSfffS«fc0*>aitiS ii-v 
Ge v (D*-^*-b«*^6«:#tf. JJB (9) CC 40 

(11) ffittf^'^iP, «fllB»4©H©xf*4 1 
*yt^Geft**i Su SSB 5<Dm<D*VZ^>+*S 
ii-iGe.^t^iMM, flUl^f*^-^^ 

( 9 ) KfaifcDifJIJ&S., 

(12) «B»40i^ JHB®B3©IBI««*0*G 
eao3%5clOftMBC6 a r. Ge«©2»sa****« 50 
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Ci2 7 5^3 5 0X!©WE«B , C»fltStift- ±E 

( 9 ) iam<Dmmn& 0 

(1 3) SulB»5tDJ1^0Ge^Sw^, BufBSI4<DJl 
Oi£<<Dffl*fW0C^^Ge^fi^6, S?IB^ 5 CDB<D± 

wcia(i*^r«jiwc«Tr4. ±eo> kibosh 

(14) F««rt*> CKi*#S i CDffiflB^3©@^ 
6J&£#Ji1tST&£, JJB (9) KIBifc<D1«Jt«Jit 0 

(15) |Wa»3©»K:9IBII>'J - ** s Jnto0 1 B'jfBfS3 
<DS **EI3§^ f?f Big 1 <DB£>M!BI& 2 CD)f i <DW® frc 
*t-r^COBOK^I?SJ:0 i>m^K JJB (9) CclBiE 

(i 6) buibs i<om3<Dm*. msfms^sm^ * 

r«l&F-X**, fv^X<Dffli£K:j£^ 0. 4-4 
2 5 K 0@HcDSfi^H^ t L XMMit? 5Ci*T* 

jjb (9) cciai8©a^So 

(17) «rKW2<D»#k fflKW4fcJ:tf#5<DJi*»e> 
* + * ;i/««©T«:jgjSS ft> S i (DiUfBlS 3 coif 

cc J: o r Ml a^ + * ii/«W*> ^iShfcp«F-^s 

U-.Ge.flrc*** ±IB (9) CCfBtgCDaHISS,. 

(18) «Tffi»2©)i©«E«l&»* J . WE#4*5«fctf 

*DS i 1 . M Ge.JMK:J:-9TlWa?'**^WR**6»*IS 
±IB ( 1 6) &cfat8<D«JftlfSo 

(19) p^ + *^«#«»h5>y^***J5RTSa 
@<«S«:*5l>r, WAASfc «ifBSfiLLKxb-#*V 
♦ JWBtfEShfc. Ge»*x*0. 3 5-0. 50^IP 
S i,..Ge.©JHl©Ji. NEBl ©»0>±Kxt:jr* 
t/*JWB«J3ti. cntcJ:otEla«»^ It 
ESP 1 C CD^(DK^«3 <fc 0 tl^Ge CD 
mZOlM. OTE«2©JB©±K:xe5r4 s 5/*^W&«S 

Geft*w#0. 5-<l. 0, w-x>0. 2t* 
#>9, Cti(C<fco"CBEjffit>^^^l)nt>o/cS ii-.Ge. 
<Dgl3<DJI v BoSB»3©»0±CCXfcf**^i-^fiRS 
n/ciK-^©S i 1 . K Ge.O»4©JB, iftiBlMOJf 
(Di^xt'^^^^^ff^^ti/cMF-^CDS i©S5 

ti/cpSK-^S i ^.Ge.oseeoH, ^a^ii 

(20) tJiam 1 ©HO^rAeS^JS*^ y = x + 
z-C, z#0. 01—0. lOGe^y^rfb, S5IB 
^1 ©»«:»-r*c©»©R»»3J:9 ^W^^S ii-v 
Ge v ©*-^*/»- HB*36CCdtf. ±12(19) 

(2 1) gttf/<-f^*«^ WE»2©Ha>it:dr* 
S/^;l/Ge?- + *^iH}EJS3(DlB©xtii*^ + ;l/S 
i.-.Ge.^i'^^i^egSO. #JB^f*^- "T^V 
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(19) (CBBttOfllHWJfi. 

(2 2) tme*20ji*s. mfo>a$oHmw£D&G 

e Rcr> 3 ^7EfiE**se G e 2 ^CTcftfttfiB 
CS2 7 5^3 5 0*COaaM5Hr»fiESti*, ±13 
(19) KfBttOflMlflEB. 

(2 3) 0j!3»3<D»ip©Ged*w#. UulBffl 2 <D@ 
<D&<<DffiitftltCn\<>Ge iiufBlil3<DJf£>± 
lBCrtl*or*»4C«Tr*. ±12 ( 1 9) ^IBtgOS 10 

mm*. 

(2 4) X^-UIW***. or*S i <Dlir82»5©Bfc 

j: w*m s i i.,Ge, cDtuiam 4 ©a £$trit«mtt 

i£"C&£, ±12 ( 1 9 ) CCfBttOHtHflBS., 

(2 5) «nB»5©»«:3iai>r*3wa*>D^ m^zms 

*W4C<D»©IRIW»3J:D«>m\ ±E ( 1 9 ) KiB 

(2 6) m&sy&m&* m^sss 2 *s<tim 3 

S^^^tRWO±(C^JSKStl« S i <Oful2»5<DJB*5 20 

ttHfitc j: r s?f * *>i>mm> £>&m 3 ftfc pin- 

y'S i 1 .,Ge.ll a Cft&. ±1B ( 1 9) &ClBiS<DgJIt?t 

(2 7) p F 7 ^ ^Mt 

t«Sn/c, Ge»$x^0. 35-0. BCDijgfa 
S i a . x Ge.CD^ 1 (DM. ME»10Ha>±(CXbT#4 £ 

E»l©HCc»TSC©)i©IS»/SScfcDfeW^Ge(0 30 

n k Ge»*w#0. 5-<l. 0, w-x>0. 2t 

CDlfl3<DJi> BJE»3<DH©±ecxt:»*V + ;l/JgflES 
ftfcflSF-^OS i 1 .,Ge x (Dl40I, f5IB^4<DJf 

Ge„(DJ?l5<DJi. ££trSJMHi. 
(28) BulB^ 1 ©B©OT#«««H£*«:. y = x + 
zt. z#0. 0 1-0. KDGe^y^Wl, B?1B 
»l©»*c^4C©)SCDIR»«SJ:0t>l»C>S i,.v 40 
Ge f ©*-W*- h«*$6CC$£f, ±IB (2 7) 

^fBi8osja«it. 

(2 9) fg&?'Uxffl&#* »BW2©ji©itr** 

$/ir;UGe^ + *^<tWIB*3©JB©xtf**^*^S 

»j>r**wr&aBi*«^ + *^ifKST**- ±t2 
(27) (cKisoanitfi. 

(30) iiuiSS& 2 ©Jl#, WffiOfiS ©IfflH*^ D&G 50 
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eM03%5ctiWVac:&'r k GeH02%7ctiUH*iB 
C£275-350 'COttKISHrJKjiES tl4, ±IB 

(2 7) tc§m<ommm&. 

(3 1) «TiB»3©JB*©Ge*«w#, fulB!jl2<DJi 
C0iS<©*B*hnK:]»l>Ge^»*>6. mZW3<DM<D±. 
■KflfroT^ecfiTTS, ±E (2 7) K:1BI£©« 

(3 2) laia^4CDIlCD^fnS 
GcWSWIBIWC**, ±IB (2 7) (ClBtt 

(3 3) ffllBS u-.Ge.OSUCWI*. R«4>Wl>e> 

DF ETf^WXCDX^-1f-£^<-r&C i#-C*S, 
±IB (2 7 ) OClBig(DSIS«i§o 

(3 4 ) ttTE&5©J|ftS. |«iBm2*5<t^3<DH^6 
JiSS^f *^««©±CC0JiR3ti. S i l .»Ge Jl CDMia 
SS 4 Qli tc J: o X m IB * * * 6#St 3 ft ft p 0 

F-^S it-.Ge.Jir**. ±fB (2 7) KiB«<D« 

(3 5) msm5<DM1fi* fWEffl2fcJ:tf»3<DJBrfP6 

i n&c <fc o tb5ib^ * *&mtfr e^sis n/c p ^ f - 

y'S ix.^GejT?*^ ±IB (3 3) KIB4KcD»)l«f 
it- 

( 3 6 ) ±ia ( i ) taffiommm&frzi&znftnm 

m 2 OH * ilJR ftfc I^ST 5Ci«Ciot^Sn/cft 
tt«J& «TBB»7©Ji©±<c*fi83tifc^a » • 

y-hms, «jfay- F«s©— *©flHccfii[KTav- 

-5 Fl"f >«S£3 6Cc$tr. «IB»*F ^>^**» 
(3 7) ±8S (9) (ceilOfllMnB»6A&«ffttS 
^2©H*a!RffSCC|»*"r5Citcj:or^flESn/c*B 

y-F^s, Batay- f««©— ^©fijccaarsv- 

( 3 8 ) ±IB ( 1 ) KIBtt©«»«Jfi*6liS**»5ft* 
F^>^*»JS{c*5l^, ^ x *< <tfei5IBSfl7&t>l/ 
»2©H*atRWCc|«*rsciCcJ:oriRE3nft:l» 
J»«a«, flWB»7©JiO±K:*J«3*i^- H»#, 

Miay- Fgssf*±©y- hm@, mriay- hm^o— 

fe^— *©«K:flaM-*FU-f>«i*S6K:*tr 1 « 

(39) Jiia ( 9 ) ccgB*©a»«je*>e>J5E4*iM** 
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(4 0 ) ±12 ( 1 9 ) fcEiB©fflB«i£^6ffi£«l?^ 

CD— jfrDflJtctfcKT SV- fe J: fussy- h s 
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FIELD EFFECT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make applicable the 
structure of an epitaxial field effect transistor to the 
intended uses of high-speed low-noise microwave 
and quasi-millimetric- wave devices, etc., by 
integrating into the epitaxial field effect transistor a 
silicon layer, a germanium layer, and silicon- 
germanium layers which form jointly a modulatorily 
doped heterostructure. 
SOLUTION: After forming on a single-crystal 
semiconductor substrate 11a buffer layer 12 
including a layer 12A, a layer 12B, and a layer 12C, a _j- 
p-type doped relaxation silicon-germanium layer 13 is 
formed on the layer 12C of the buffer layer 12. Then, 
thereon, as a spacer, a non-doped strained silicon 
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layer 14 is grown epitaxially to grow further on the layer 14 epitaxially a non-doped thin 
relaxation silicon-germanium layer 15. Subsequently, on the layer 15, there are grown 
epitaxially in succession a germanium layer 16, a silicon-germanium layer 17, and a 
silicon-germanium cap layer 18 to form the laminated layer of them. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the laminated structure which forms a p channel field-effect transistor A single crystal 
substrate, The germanium molar fraction x by which epitaxial formation was carried out on said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, The 2nd layer of Sil-xGex by which 
epitaxial formation was carried out on said 1 st layer, The 3rd layer of Si which is not doped [ by 
which epitaxial formation was carried out on said 2nd layer ], The 4th layer of Sil-xGex which is not 
doped [ by which epitaxial formation was carried out on said 3rd layer ], On said 4th layer, epitaxial 
formation is carried out and a compressive strain is added by this. The 5th layer of germanium 
thinner than the marginal thickness of this layer to said 1st layer, Epitaxial formation is carried out 
on said 5th layer, and the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The laminated structure 
containing the 6th layer of Sil-wGew which the compressive strain joined by this, and the 7th layer 
of Sil-xGex by which epitaxial formation was carried out on said 6th layer. 

[Claim 2] The laminated structure according to claim 1 which z has the germanium molar fraction y 
of 0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal thickness 
of this layer to said 1 st layer by y=x+z in the strain relief structure of said 1 st layer. 
[Claim 3] The laminated structure according to claim 1 which is the pad compound channel structure 
which produces a deep quantum well or a higher obstruction rather than it confines an electron hole 
in fitness more when an activity device field consists of the epitaxial germanium channel of said 5th 
layer, and the epitaxial Sil-wGew channel of said 6th layer and compares with a monolayer channel 
device of having a higher compressive strain. 

[Claim 4] The laminated structure according to claim 1 formed in the temperature requirement said 
whose 5th layer is 275-350 degrees C to which three-dimension growth of germanium film which 
the problem of the granularity of an interface produces does not take place, but two-dimensional 
growth of germanium film takes place. 

[Claim 5] The laminated structure according to claim 1 to which the germanium content w in said 
6th layer falls gradually toward the top face of said 6th layer from high germanium content relatively 
near said 5th layer. 

[Claim 6] The laminated structure according to claim 1 in which a spacer field contains said 3rd 
layer of strain Si, and said 4th layer of relaxation Sil-xGex. 

[Claim 7] A laminated structure [ the tensile strain joins said 3rd layer, equivalent said 3rd layer and 
thinner than the marginal thickness of this layer to an interface with said 2nd layer of said 1st layer ] 
according to claim 1 . 

[Claim 8] Said 2nd layer is formed in the bottom of the channel field which consists of said 5th and 
6th layers. It is the p form dope Sil-xGex layer separated from said channel field by said 3rd layer of 
Si, and said 4th layer of Sil-xGex. It is the laminated structure according to claim 1 whose dose of 
an activity donor l-20nm of thickness of said 2nd layer is 4-5nm preferably, and is 1-3x1 01 2cm-2 
electrically [ said 2nd layer ]. 

[Claim 9] In the laminated structure which forms a p channel field-effect transistor A single crystal 
substrate, The germanium molar fraction x by which epitaxial formation was carried out on said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, The 2nd layer of Sil-xGex by which 
epitaxial formation was carried out on said 1 st layer, The 3rd layer of Si which is not doped [ by 
which epitaxial formation was carried out on said 2nd layer ], On said 3rd layer, epitaxial formation 
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is carried out and a compressive strain is added by this. The 4th layer of germanium thinner than the 
marginal thickness of this layer to said 1st layer, Epitaxial formation is carried out on said 4th layer, 
and the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The laminated structure containing the 
5th layer of Sil -wGew which the compressive strain joined by this, and the 6th layer of Si 1 -xGex by 
which epitaxial formation was carried out on said 5th layer. 

[Claim 10] The laminated structure according to claim 9 which z has the germanium molar fraction y 
of 0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal thickness 
of this layer to said 1 st layer by y=x+z in the strain relief structure of said 1 st layer. 
[Claim 1 1] The laminated structure according to claim 9 which is the pad compound channel 
structure which produces a deep quantum well or a higher obstruction rather than it confines an 
electron hole in fitness more when an activity device field consists of the epitaxial germanium 
channel of said 4th layer, and the epitaxial Sil-wGew channel of said 5th layer and compares with a 
monolayer channel device of having a higher compressive strain. 

[Claim 12] The laminated structure according to claim 9 formed in the temperature requirement said 
whose 4th layer is 275-350 degrees C to which three-dimension growth of germanium film which 
the problem of the granularity of an interface produces does not take place, but two-dimensional 
growth of germanium film takes place. 

[Claim 13] The laminated structure according to claim 9 to which the germanium content w in said 
5th layer falls gradually toward the top face of said 5th layer from high germanium content relatively 
near said 4th layer. 

[Claim 14] The laminated structure according to claim 9 whose spacer field is the monolayer 
structure which consists of said 3rd layer of strain Si. 

[Claim 15] A laminated structure [ the tensile strain joins said 3rd layer, equivalent said 3rd layer 
and thinner than the marginal thickness of this layer to an interface with said 2nd layer of said 1st 
layer ] according to claim 9. 

[Claim 16] The laminated structure according to claim 9 which thickness can adjust the 3rd layer of 
said Si, can replace in the relaxation Sil-xGex layer to which the thickness of a spacer can be 
changed according to it, and can optimize a supply dose as a function of the temperature of the range 
of 0.4-425K according to the application of a device by it. 

[Claim 17] The laminated structure according to claim 9 which is the p form dope Sil-xGex layer 
which said 2nd layer was formed in the bottom of the channel field which consists of said 4th and 
5th layers, and was separated from said channel field by said 3rd layer of Si. 

[Claim 18] The laminated structure according to claim 16 which said supply layer of said 2nd layer 
is formed in the bottom of the channel field which consists of said 4th and 5th layers, and is 
separated from said channel field by said relaxation Sil-xGex layer. 

[Claim 19] In the laminated structure which forms a p channel field-effect transistor A single crystal 
substrate, The germanium molar fraction x by which epitaxial formation was carried out on said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, On said 1st layer, epitaxial formation is 
carried out and a compressive strain is added by this. The 2nd layer of germanium thinner than the 
marginal thickness of this layer to said 1st layer, Epitaxial formation is carried out on said 2nd layer, 
and the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The 3rd layer of Sil-wGew which the 
compressive strain joined by this, the 4th layer of Sil-xGex which is not doped [ by which epitaxial 
formation was carried out on said 3rd layer ], The laminated structure containing the 5th layer of Si 
which is not doped [ by which epitaxial formation was carried out on said 4th layer ], and the 6th 
layer of Sil-xGex of p mold dope by which epitaxial formation was carried out on said 5th layer. 
[Claim 20] The laminated structure according to claim 19 which z has the germanium molar fraction 
y of 0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal 
thickness of this layer to said 1st layer by y=x+z in the strain relief structure of said 1st layer. 
[Claim 21] The laminated structure according to claim 19 which is the pad compound channel 
structure which produces a deep quantum well or a higher obstruction rather than it confines an 
electron hole in fitness more when an activity device field consists of the epitaxial germanium 
channel of said 2nd layer, and the epitaxial Sil-wGew channel of said 3rd layer and compares with a 
monolayer channel device of having a higher compressive strain. 

[Claim 22] The laminated structure according to claim 19 formed in the temperature requirement 
said whose 2nd layer is 275-350 degrees C to which three-dimension growth of germanium film 
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which the problem of the granularity of an interface produces does not take place, but two- 
dimensional growth of germanium film takes place. 

[Claim 23] The laminated structure according to claim 19 to which the germanium content w in said 
3rd layer falls gradually toward the top face of said 3rd layer from high germanium content relatively 
near said 2nd layer. 

[Claim 24] The laminated structure according to claim 19 whose spacer field is a compound 
laminated structure containing said 5th layer of strain Si, and said 4th layer of relaxation Sil-xGex. 
[Claim 25] A laminated structure [ the tensile strain joins said 5th layer, equivalent said 5th layer and 
thinner than the marginal thickness of this layer to an interface with said 2nd layer of said 1st layer ] 
according to claim 19. 

[Claim 26] The laminated structure according to claim 19 which is the p form dope Sil-xGex layer 
separated from said channel field according to the compound spacer structure where said supply 
layer is formed on the channel field which consists of said 2nd and 3rd layers, and consists of said 
5th layer of Si, and said 4th layer of Si 1 -xGex. 

[Claim 27] In the laminated structure which forms a p channel field-effect transistor A single crystal 
substrate, The germanium molar fraction x by which epitaxial formation was carried out on said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, On said 1st layer, epitaxial formation is 
carried out and a compressive strain is added by this. The 2nd layer of germanium thinner than the 
marginal thickness of this layer to said 1st layer, Epitaxial formation is carried out on said 2nd layer, 
and the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The laminated structure containing the 
3rd layer of Sil-wGew which the compressive strain joined by this, the 4th layer of Sil-xGex which 
is not doped [ by which epitaxial formation was carried out on said 3rd layer ], and the 5th layer of 
Sil-xGex of p mold dope by which epitaxial formation was carried out on said 4th layer. 
[Claim 28] The laminated structure according to claim 27 which z has the germanium molar fraction 
y of 0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal 
thickness of this layer to said 1st layer by y=x+z in the strain relief structure of said 1st layer. 
[Claim 29] The laminated structure according to claim 27 which is the pad compound channel 
structure which produces a deep quantum well or a higher obstruction rather than it confines an 
electron hole in fitness more when an activity device field consists of the epitaxial germanium 
channel of said 2nd layer, and the epitaxial Sil-wGew channel of said 3rd layer and compares with a 
monolayer channel device of having a higher compressive strain. 

[Claim 30] The laminated structure according to claim 27 formed in the temperature requirement 
said whose 2nd layer is 275-350 degrees C to which three-dimension growth of germanium film 
which the problem of the granularity of an interface produces does not take place, but two- 
dimensional growth of germanium film takes place. 

[Claim 31] The laminated structure according to claim 27 to which the germanium content w in said 
3rd layer falls gradually toward the top face of said 3rd layer from high germanium content relatively 
near said 2nd layer. 

[Claim 32] The laminated structure according to claim 27 whose spacer field is the monolayer 
structure which consists of the relaxation Sil-xGex layer of said 4th layer. 

[Claim 33] The laminated structure according to claim 27 which can replace the 4th layer of said 
Sil-xGex in an equivalent thin strain Si layer, and can make the spacer of a MODFET device thin by 
this. 

[Claim 34] The laminated structure according to claim 27 which is the p form dope Sil-xGex layer 
which said 5th layer was formed on the channel field which consists of said 2nd and 3rd layers, and 
was separated from said channel field by said 4th layer of Sil-xGex. 

[Claim 35] The laminated structure according to claim 33 which is the p form dope Sil-xGex layer 
which said 5th layer was formed on the channel field which consists of said 2nd and 3rd layers, and 
was separated from said channel field by the equivalent thin strain Si layer. 

[Claim 36] Field-effect transistor structure which contains further the insulating region generated in 
the field-effect transistor structure which consists of a laminated structure according to claim 1 by 
removing said the 7th thru/or 2nd layer selectively at least, the shot key gate electrode formed on 
said 7th layer, the source electrode located in said one gate electrode side, and the drain electrode 
located in said another gate electrode side. 

[Claim 37] Field-effect transistor structure which contains further the insulating region generated in 
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the field-effect transistor structure which consists of a laminated structure according to claim 9 by 
removing said the 6th thru/or 2nd layer selectively at least, the shot key gate electrode formed on 
said 6th layer, the source electrode located in said one gate electrode side, and the drain electrode 
located in said another gate electrode side. 

[Claim 38] In the field-effect transistor structure which consists of a laminated structure according to 
claim 1 The insulating region generated by removing said the 7th thru/or 2nd layer selectively at 
least, Field-effect transistor structure which contains further the gate electrode on the gate dielectric 
formed on said 7th layer, and said gate dielectric, the source electrode located in said one gate 
electrode side, and the drain electrode located in said another gate electrode side. 
[Claim 39] In the field-effect transistor structure which consists of a laminated structure according to 
claim 9 The insulating region generated by removing said the 6th thru/or 2nd layer selectively at 
least, Field-effect transistor structure which contains further the gate electrode on the gate dielectric 
formed on said 6th layer, and said gate dielectric, the source electrode located in said one gate 
electrode side, and the drain electrode located in said another gate electrode side. 
[Claim 40] In the field-effect transistor structure which consists of a laminated structure according to 
claim 19 The insulating region generated by removing said the 6th thru/or 2nd layer selectively at 
least, Field-effect transistor structure which contains further the gate electrode on the gate dielectric 
formed on said 6th layer, and said gate dielectric, the source electrode located in said one gate 
electrode side, and the drain electrode located in said another gate electrode side. 
[Claim 41] In the field-effect transistor structure which consists of a laminated structure according to 
claim 27 The insulating region generated by removing said the 5th thru/or 2nd layer selectively at 
least, Field-effect transistor structure which contains further the gate electrode on the gate dielectric 
formed on said 5th layer, and said gate dielectric, the source electrode located in said one gate 
electrode side, and the drain electrode located in said another gate electrode side. 
[Claim 42] In the laminated structure which forms an electric device on it, epitaxial formation was 
carried out on the single crystal substrate and said substrate. The germanium molar fraction x is in 
the strain relief structure of the 1st layer of relaxation Sil-xGex of 0.35-0.5, and said 1st layer. By 
y=x+z The laminated structure which z has the germanium molar fraction y of 0.01-0.1, and contains 
the overshoot layer of Sil-yGey thinner than the marginal thickness of this layer to the upper part of 
said 1st layer, and the 2nd layer of Sil-xGex by which epitaxial formation was carried out on said 
1 st layer. 

[Claim 43] The phase where the germanium molar fraction x carries out epitaxial formation of the 
1st layer of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, 
and said substrate, The phase which carries out epitaxial formation of the 2nd layer of Sil-xGex on 
said 1st layer, The phase which carries out epitaxial formation of the 3rd layer of Si which is not 
doped [ by which epitaxial formation was carried out on said 2nd layer ], The phase which carries 
out epitaxial formation of the 4th layer of non-doped Sil-xGex on said 3rd layer, The phase which a 
compressive strain is added by this on said 4th layer, and carries out epitaxial formation of the 5th 
layer of germanium thinner than the marginal thickness of this layer to said 1st layer, On said 5th 
layer, the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The formation approach of a p channel 
field-effect transistor including the phase which carries out epitaxial formation of the 7th layer of 
Sil-xGex on the phase which carries out epitaxial formation of the 6th layer of Sil-wGew which the 
compressive strain joined by this, and said 6th layer. 

[Claim 44] The approach according to claim 43 of z having the germanium molar fraction y of 0.01- 
0.1, and including further the phase which forms the overshoot layer of Sil-yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z, in the strain relief structure of said 1st 
layer. 

[Claim 45] The approach according to claim 43 formed in the temperature requirement said whose 
5th layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

[Claim 46] The approach according to claim 43 said phase which forms the 6th layer includes the 
phase in which the germanium content w in said 6th layer is gradually reduced toward the top face of 
said 6th layer from high germanium content relatively near said 5th layer. 

[Claim 47] Said 2nd layer is formed in the bottom of the channel field which consists of said 5th and 
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6th layers. It is the p form dope Sil-xGex layer separated from said channel field by said 3rd layer of 
Si, and said 4th layer of Sil-xGex. It is the approach according to claim 43 l-20nm of thickness of 
said 2nd layer is 4-5nm preferably, and an activity donor's dose is 1-3x1 01 2cm-2 electrically [ said 
2nd layer ]. 

[Claim 48] The phase where the germanium molar fraction x carries out epitaxial formation of the 
1st layer of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, 
and said substrate, The phase which carries out epitaxial formation of the 2nd layer of Sil-xGex on 
said 1st layer, The phase which carries out epitaxial formation of the 3rd layer of non-doped Si on 
said 2nd layer, The phase which a compressive strain is added by this on said 3rd layer, and carries 
out epitaxial formation of the 4th layer of germanium thinner than the marginal thickness of this 
layer to said 1st layer, On said 4th layer, the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The 
formation approach of a p channel field-effect transistor including the phase which carries out 
epitaxial formation of the 6th layer of Sil-xGex on the phase which carries out epitaxial formation of 
the 5th layer of Sil-wGew which the compressive strain joined by this, and said 5th layer. 
[Claim 49] The approach according to claim 48 of z having the germanium molar fraction y of 0.01- 
0.1, and including further the phase which forms the overshoot layer of Sil-yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z, in the strain relief structure of said 1st 
layer. 

[Claim 50] The approach according to claim 48 formed in the temperature requirement said whose 
4th layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

[Claim 51] The approach according to claim 48 said phase which forms the 5th layer includes the 
phase in which the germanium content w in said 5th layer is gradually reduced toward the top face of 
said 5th layer from high germanium content relatively near said 4th layer. 

[Claim 52] The approach according to claim 48 of thickness being able to adjust the 3rd layer of said 
Si, replacing in the relaxation Sil-xGex layer to which the thickness of a spacer can be changed 
according to it, and optimizing a supply dose as a function of the temperature of the range of 0.4- 
425K according to the application of a device by it. 

[Claim 53] The approach according to claim 48 of being the p form dope Sil-xGex layer which said 
2nd layer was formed in the bottom of the channel field which consists of said 4th and 5th layers, 
and was separated from said channel field by said 3rd layer of Si. 

[Claim 54] The approach according to claim 52 which said supply layer of said 2nd layer is formed 
in the bottom of the channel field which consists of said 4th and 5th layers, and is separated from 
said channel field by said relaxation Sil-xGex layer. 

[Claim 55] The phase where the germanium molar fraction x carries out epitaxial formation of the 
1st layer of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, 
and said substrate, The phase which a compressive strain is added by this on said 1 st layer, and 
carries out epitaxial formation of the 2nd layer of germanium thinner than the marginal thickness of 
this layer to said 1st layer, On said 2nd layer, the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. 
The phase which carries out epitaxial formation of the 3rd layer of Sil-wGew which the compressive 
strain joined by this, The phase which carries out epitaxial formation of the 4th layer of non-doped 
Sil-xGex on said 3rd layer, The formation approach of a p channel field-effect transistor including 
the phase which carries out epitaxial formation of the 6th layer of Sil-xGex of p mold dope on the 
phase which carries out epitaxial formation of the 5th layer of non-doped Si on said 4th layer, and 
said 5th layer. 

[Claim 56] The approach according to claim 55 of z having the germanium molar fraction y of 0.01- 
0. 1 , and including further the phase which forms the overshoot layer of Sil-yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z, in the strain relief structure of said 1st 
layer. 

[Claim 57] The approach according to claim 55 formed in the temperature requirement said whose 
2nd layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

[Claim 58] The approach according to claim 55 said phase which forms the 3rd layer includes the 
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phase in which the germanium content w in said 3rd layer is gradually reduced toward the top face of 
said 3rd layer from high germanium content relatively near said 2nd layer. 

[Claim 59] The approach according to claim 55 which said supply layer of the p form dope Sil-xGex 
layer of said 6th layer is formed on the channel field which consists of said 2nd and 3rd layers, and is 
separated from said channel field according to the compound spacer structure which consists of said 
5th layer of Si, and said 4th layer of Sil-xGex. 

[Claim 60] The phase where the germanium molar fraction x carries out epitaxial formation of the 
1st layer of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, 
and said substrate, The phase which a compressive strain is added by this on said 1st layer, and 
carries out epitaxial formation of the 2nd layer of germanium thinner than the marginal thickness of 
this layer to said 1st layer, On said 2nd layer, the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. 
The phase which carries out epitaxial formation of the 3rd layer of Sil-wGew which the compressive 
strain joined by this, The formation approach of a p channel field-effect transistor including the 
phase which carries out epitaxial formation of the 5th layer of Sil-xGex of p mold dope on the phase 
which carries out epitaxial formation of the 4th layer of non-doped Sil-xGex on said 3rd layer, and 
said 4th layer. 

[Claim 61] The approach according to claim 60 of z having the germanium molar fraction y of 0.01- 
0.1, and including further the phase which forms the overshoot layer of Sil-yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z, in the strain relief structure of said 1st 
layer. 

[Claim 62] The approach according to claim 60 formed in the temperature requirement said whose 
2nd layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

[Claim 63] The approach according to claim 60 said phase which forms the 3rd layer includes the 
phase in which the germanium content w in said 3rd layer is gradually reduced toward the top face of 
said 3rd layer from high germanium content relatively near said 2nd layer. 

[Claim 64] The approach according to claim 60 of being the p form dope Sil-xGex layer which said 
5th layer was formed on the channel field which consists of said 2nd and 3rd layers, and was 
separated from said channel field by said 4th layer of Si 1 -xGex. 

[Claim 65] The approach according to claim 60 of being the p form dope Sil-xGex layer which said 
5th layer was formed on the channel field which consists of said 2nd and 3rd layers, and was 
separated from said channel field by the equivalent thin strain Si layer. 

[Claim 66] In the formation approach of the field-effect transistor structure which consists of an 
approach according to claim 43 The phase which forms an insulating region by removing said the 
7th thru/or 2nd layer selectively at least, How to include further the phase which forms a shot key 
gate electrode on said 7th layer, the phase which forms a source electrode in said one gate electrode 
side, and the phase which forms a drain electrode in said another gate electrode side. 
[Claim 67] In the formation approach of the field-effect transistor structure which consists of an 
approach according to claim 48 The phase which forms an insulating region by removing said the 
6th thru/or 2nd layer selectively at least, How to include further the phase which forms a shot key 
gate electrode on said 6th layer, the phase which forms a source electrode in said one gate electrode 
side, and the phase which forms a drain electrode in said another gate electrode side. 
[Claim 68] In the formation approach of the field-effect transistor structure which consists of an 
approach according to claim 43 The phase which forms an insulating region by removing said the 
7th thru/or 2nd layer selectively at least, How to include further the phase which forms a gate 
dielectric on said 7th layer, the phase which forms a gate electrode on said gate dielectric, the phase 
which forms a source electrode in said one gate electrode side, and the phase which forms a drain 
electrode in said another gate electrode side. 

[Claim 69] In the formation approach of the field-effect transistor structure which consists of an 
approach according to claim 48 The phase which forms an insulating region by removing said the 
6th thru/or 2nd layer selectively at least, How to include further the phase which forms a gate 
dielectric on said 6th layer, the phase which forms a gate electrode on said gate dielectric, the phase 
which forms a source electrode in said one gate electrode side, and the phase which forms a drain 
electrode in said another gate electrode side. 
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[Claim 70] In the formation approach of the field-effect transistor structure which consists of an 
approach according to claim 55 The phase which forms an insulating region by removing said the 
6th thru/or 2nd layer selectively at least, How to include further the phase which forms a gate 
dielectric on said 6th layer, the phase which forms a gate electrode on said gate dielectric, the phase 
which forms a source electrode in said one gate electrode side, and the phase which forms a drain 
electrode in said another gate electrode side. 

[Claim 71] In the formation approach of the field-effect transistor structure which consists of an 
approach according to claim 60 The phase which forms an insulating region by removing said the 
5th thru/or 2nd layer selectively at least, How to include further the phase which forms a gate 
dielectric on said 5th layer, the phase which forms a gate electrode on said gate dielectric, the phase 
which forms a source electrode in said one gate electrode side, and the phase which forms a drain 
electrode in said another gate electrode side. 

[Claim 72] The 1st layer of relaxation Sil-xGex of 0.35-0.5 in the phase as for which the germanium 
molar fraction x carries out epitaxial formation on the phase which forms a single crystal substrate, 
and said substrate, and the strain relief structure of said 1 st layer by y=x+z The formation approach 
of an electric device including the phase which forms the 2nd layer of Sil-xGex on the phase which 
z has the germanium molar fraction y of 0.01-0.1, and forms the overshoot layer of Sil-yGey thinner 
than the marginal thickness of this layer to the upper part of said 1 st layer, and said 1 st layer. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to new epitaxial field-effect transistor structure 
applicable to the microwave, submillimeter wave, and millimetric wave application of a high-speed 
low noise at a detail about the ingredient system of silicon / silicon germanium base. This epitaxial 
field-effect transistor structure contains the strain p channel of the desirable high performance 
incorporating the silicon layer, germanium layer, and silicon germanium layer which form 
modulation dope hetero structure (modulation-doped heterostructure) 
[0002] 

[Description of the Prior Art] In the field of high-speed low noise device application, carrier 
(electron, electron hole) conduction takes place in a non-doped channel layer, therefore there is no 
limit of the carrier mobility by impurity scattering, and interests have gathered for the 
design/fabrication of the high electron mobility transistor (HEMT.high electron mobility transistor) 
or modulation dope field-effect transistor (MODFET:modulation-doped field effect transisitor) from 
which high carrier mobility is obtained. Generally, these high-speed electron devices are often used 
as the low noise amplifier which operates with microwave and a radio frequency band, power 
amplifier, the receiver of a satellite, and a transmitter, and a but expensive, high-speed III- V group 
(for example, GaAs) ingredient system and a high-speed, but expensive technique are usually 
chosen. It is more cheap to not being so desirable in semiconductor industry as for a complicated and 
expensive III-V group ingredient technique, and the SiGe ingredient system which has compatibility 
sufficient between current Si techniques is desirable, and integration with the existing Si-CMOS 
device technique is far easy for it. 

[0003] An example of Si technique and a compatible ingredient system is published by P.M. 
Solomon (Solomon) on May 28, 1991, and is indicated by U.S. Pat. No. 5019882 of the name 
"Germanium Channel Silicon MOSFET" transferred to the assignee of this description. In U.S. Pat. 
No. 5019882, the channel of high carrier mobility contains the silicon / germanium alloy layer grown 
up on the silicon substrate. This alloy layer is fully thin and the suitable growth without a 
pseudomorph rearrangement is obtained. A silicon layer is formed on this alloy layer, this is oxidized 
selectively and a dielectric layer is formed. A gate field is formed on this diacid-ized silicon layer. 
[0004] the 2nd example of Si technique and compatible high performance SiGe device structure ~ 
July 9, 1996 - KE. « a chair ~ it is published by the mile (Ismail) and indicated by U.S. Pat. No. 
5534713 of the name "Complementary Metal-Oxide Semiconductor Transistor Logic Using Strained 
Si/SiGe Heterostructure Layers" transferred to the assignee of this description. The silicon CMOS 
transistor structure manufactured on the Si/SiGe strain hetero mechanical design where the pad Si 
channel with which the tensile strain joined the p channel device and electron mobility was 
strengthened in the pad SiGe channel with which the compressive strain was added and hole 
mobility was strengthened was used for the n channel device is indicated by U.S. Pat. No. 5534713. 
It is further indicated by No. 5534713 that the percentage of germanium is 50 - 100%, and the 
compressive-strain SiGe layer of a proposal which functions as a p channel of a p channel field- 
effect transistor is 80% preferably. SiGe of IBM which used this channel design and presentation 
until now The hole mobility obtained with the p channel MODFET prototype is only a maximum of 
1 000cm2/Vs at a room temperature. 
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[0005] 

[Problem(s) to be Solved by the Invention] Therefore, the p channel design which has the compound 
or two-layer structure which consists of germanium layer (15-20A in thickness) and the SiGe layer 
(70-100A in thickness) of 70 - 80% of germanium in order to obtain the high hole mobility 
exceeding 1000cm2/Vs is shown as optimal p channel structure which produces higher hole mobility 
by the SiGe ingredient system. 

[0006] A one division target of this invention is to offer p mold modulation dope field-effect 
transistor (MODFET) manufactured on a SiGe layer and the compound which contains pure 
germanium layer substantially, or two-layer structure. 

[0007] A one division target of this invention is to offer the laminated structure which enables 
formation of the p channel field-effect transistor which has the channel which has the presentation 
profile of the proper corresponding to the depth. 

[0008] Other objects of this invention have an activity channel in offering the p channel device 
which is the compound or two-layer structure which consists of a SiGe layer and thin germanium 
layer. 

[0009] Other objects of this invention have high carrier mobility compared with the channel in which 
compound channel structure has a single SiGe layer, and its obstruction over an electron hole carrier 
is expensive, or they are shut up, and are to offer the p channel device using the high compressive 
strain which has the advantage that a channel is deep. 

[0010] Other objects of this invention consist of the SiGe layer and germanium layer which the 
compressive strain joined, and are to offer the pad compound channel which raises the carrier 
mobility of a p channel device. 

[001 1] Other objects of this invention have a spacer layer in offering the p channel device which is 
the compound or the two-layer design which consists of a SiGe layer and thin Si layer. 
[0012] Other objects of this invention are by adding one or more overshoot layers into the SiGe 
buffer structure where germanium presentation increases gradually to offer the laminated structure 
and the manufacture process that a desired relaxation SiGe layer can be made to fully ease. 
[0013] Other objects of this invention are bulk Si. P channel MOS FET, single channel SiGe It is in 
offering p channel MODFET which has high hole mobility compared with the conventional 
techniques, such as p channel MODFET. 

[0014] Since carrier mobility is high, other objects of this invention are bulk Si. P channel MOS FET 
or single channel SiGe It is in offering p channel MODFET with which high frequency actuation was 
strengthened compared with p channel MODFET. 
[0015] 

[Means for Solving the Problem] Based on this invention, the epitaxial structure of the silicon / 
silicon germanium base for p mold field-effect transistors where a SiGe layer, the compound which 
consists of pure germanium layer substantially, or two-layer structure was used for the p channel 
field is indicated. The germanium molar fraction x by which epitaxial formation was carried out on 
the semi-conductor substrate and the substrate this structure The 1st layer of relaxation Sil-xGex of 
0.35-0.5, The 2nd layer of p mold dope Sil-xGex by which epitaxial formation was carried out on 
the 1st layer, On the 2nd layer, epitaxial formation is carried out and the tensile strain is added by 
this. As opposed to the top face of the 1st relaxation Sil-xGex layer The 3rd equivalent layer of non- 
doped Si, The 4th layer of Sil-xGex which is not doped [ by which epitaxial formation was carried 
out on the 3rd layer ], On the 4th layer, epitaxial formation is carried out and a compressive strain is 
added by this. As opposed to the top face of the 1 st relaxation Sil-wGew layer The 5th equivalent 
layer of non-doped germanium, Epitaxial formation is carried out on the 5th layer, and the 
germanium molar fraction w is 0.5-<1.00, w-x> 0.2. The 6th layer of Sil-wGew which is not doped 
[ to which the compressive strain was applied by this ], and the 7th layer of Sil-xGex which is not 
doped [ by which epitaxial formation was carried out on the 6th layer ] are included. The 
independent metal layer which forms the Schottky barrier, or a dielectric / metal layer can be formed 
on the 7th layer, can carry out patterning, and the gate of a p channel field-effect transistor can be 
formed. On the other hand, a drain and a source field can be formed by forming p mold field into the 
laminated structure of the both sides of the gate. This laminating mechanical design forms 
modulation dope hetero structure, and is located under the activity compound channel to which a 
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supply layer or the 2nd layer of p mold dope Sil-xGex changes from the 5th and 6th layers. 
Furthermore, with this laminating device structure, the spacer layer which separates an activity 
channel from a supply layer uses the double layer containing the 3rd layer of non-doped Si, and the 
4th layer of non-doped Si 1 -xGex. 

[0016] This invention offers further the p channel field-effect transistor whose hole mobility of a 
channel improved, and its formation approach. Epitaxial formation of this transistor was carried out 
on the semi-conductor substrate and the substrate. The germanium molar fraction x The 1 st layer of 
relaxation Sil-xGex of 0.35-0.5, The 2nd layer of Sil-xGex of p mold dope by which epitaxial 
formation was carried out on the 1 st layer, The 3rd layer of Sil-xGex which is not doped [ by which 
epitaxial formation was carried out on the 2nd layer ], The 4th layer of germanium which is not 
doped [ which epitaxial formation was carried out on the 3rd layer and became equivalent to the top 
face of the 1 st layer of relaxation Sil-xGex by this ], Epitaxial formation is carried out on the 4th 
layer, and the germanium molar fraction w contains the 5th layer of Sil-wGew which is not doped 
[ which the compressive strain joined by 0.5-<1.00 ], and the 6th layer of Sil-xGex which is not 
doped [ by which epitaxial formation was carried out on the 5th layer ]. This laminating mechanical 
design describes modulation dope hetero structure, and a supply layer or the 2nd layer of p mold 
dope Sil-xGex is separated from the activity compound channel of the 4th and 5th layers by the 3rd 
single spacer layer design of Si or Sil-xGex. 

[0017] This invention offers further the p channel field-effect transistor whose hole mobility of a 
channel improved, and its formation approach. Epitaxial formation of this transistor was carried out 
on the semi-conductor substrate and the substrate. The germanium molar fraction x The 1st layer of 
relaxation Sil-xGex of 0.35-0.5, The 2nd layer of germanium which is not doped [ which epitaxial 
formation was carried out on the 1st layer and became equivalent to the top face of the 1st layer of 
relaxation Sil-xGex by this ], Epitaxial formation is carried out on the 2nd layer. The germanium 
molar fraction w by 0.5-<l .00 The 3rd layer of Sil-wGew which is not doped [ which the 
compressive strain joined ], the 4th layer of Sil-xGex which is not doped [ by which epitaxial 
formation was carried out on the 3rd layer ], and the 5th layer of Sil-xGex of p mold dope by which 
epitaxial formation was carried out on the 4th layer are included. This laminating mechanical design 
describes modulation dope hetero structure, and is located on the activity compound channel in 
which a supply layer or the 5th layer of p mold dope Sil-xGex contains the 2nd and 3rd layers. 
Similarly, further, Si spacer layer is added between the 3rd layer and the 4th layer or between the 4th 
layer and the 5th layer, it can dissociate with this on the activity compound channel which consists of 
the 2nd and 3rd layers, and a supply layer or the 5th layer of Sil-xGex of p mold dope can be 
arranged. 

[0018] This invention offers the approach and structure of a relaxation (90% **) Sil-xGex buffer 
layer further. Epitaxial formation of this buffer layer was carried out gradually (or linearly) by 
beginning germanium content of a semi-conductor substrate and a layer from a substrate, and 
increasing it gradually (or linearly), x The 1st layer of partial relaxation (less than 50%) Sil-xGex of 
0.1-0.9, By y=x+z which epitaxial formation is carried out on the 1st layer, and serves to carry out 
fault relaxation to the presentation which has a lattice spacing corresponding to a bigger presentation 
than x for the 2nd layer Epitaxial formation of the z is carried out on the 2nd layer of Sil -yGey of 
0.01-0.1, and the 2nd layer, and it contains the 3rd layer of Sil-xGex further eased by this compared 
with the 1st layer of partial relaxation Sil-xGex of an original copy. Extent of relaxation of the 
addition resulting from this 2nd Sil -yGey overshoot layer is decided by thickness of this 2nd layer, 
and the thickness of the 2nd layer is limited by the marginal thickness of this layer to the 1st layer of 
the first partial relaxation Sil-xGex. 

[0019] This invention offers p mold field-effect transistor which the conduction channel of a device 
can manufacture further on one of the laminated structures described previously which consists of a 
SiGe layer and the compound which contains pure germanium layer substantially, or two-layer 
structure. A field-effect transistor is separated by the field made by removing selectively an up 
barrier layer, a conduction two-layer channel, a non-doped spacer field, and p mold doping field, and 
a two-dimensional channel is formed only in the separated activity device field. The gate electrode 
which consists of a conduction stripe can be directly formed on the activity device field on the front 
face of a wafer, and the source and a drain electrode can be formed in the activity device field of the 
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both sides of a gate electrode by creating the ohmic contact to a two-layer channel. 

[0020] The above of this invention and the other descriptions, the object, and an advantage will 

become clear by reading the following detailed explanation of this invention with reference to an 

accompanying drawing. 

[0021] 

[Embodiment of the Invention] A drawing is referred to. The sectional view of the laminated 
structure 10 of the compound p channel modulation dope SiGe hetero structure which shows the 
operation gestalt of this invention in drawing 1 is shown. A layer 12 thru/or 18 Si, SiGe, germanium 
and SiC, GaAs, SOS, On the single crystal semiconductor substrates 1 1 , such as SOI and bond - and 
- etchback silicon on insulator (BESOI) Ultra-high-vacuum chemical vacuum deposition (UHV- 
CVD:ultra high vacuum chemical vapor deposition), Epitaxial growth is carried out using the 
epitaxial growth technique, such as a molecular beam epitaxy (MBE) and high-speed 
thermochemistry vacuum evaporationo (RTCVD:rapid thermal chemical vapor deposition). Please 
refer to U.S. Pat. No. 5298452 of a name called "Method and Apparatus for Low Temperture and 
Low Pressure Chemical Vapor Deposition of Epitaxial Silicon Layers" of the March 29, 1994 
issuance to B.S. my YASON (Meyerson) included in this description by reference about the UHV- 
CVD approach of growing up an Si and Sil-xGex epitaxial film on a silicon substrate. 
[0022] The desirable laminated structure 20 is shown in drawing 2 . Drawing 2 shows the lower part 
of a laminated structure 10 shown in drawing 1 . Drawing 2 is the transmission electron microscope 
(TEM) photograph of the cross section of the fabrication laminated structure 20 containing the layers 
12 A, 12B, 12C, and 13 grown up on the desirable silicon substrate 31 thru/or 18. germanium 
presentation profile which was measured by the secondary ion mass spectrometry (SIMS) and to 
which the SiGe laminated structure 20 of drawing 2 corresponds is shown in drawing 3 . The axis of 
ordinate of drawing 3 expresses germanium concentration expressed with the atomic ratio, and an 
axis of abscissa expresses the near depth expressed with the micron, drawing 3 — a curve — a part — 
21 — 1 ~ or — 27 -- 1 -- 12 — B -- ' — and — 12 ~ C ~ ' ~ drawing 2 — having been shown — a layer — 
21 — or - 27 - 12 - B — and — 12 — C — germanium — concentration ~ corresponding . 
[0023] Drawing 4 is the enlarged drawing of only the upper part of drawing 3 , and only the device 
field is shown. The axis of ordinate on the right-hand side of drawing 4 expresses germanium 
concentration expressed with the atomic ratio, and an axis of abscissa expresses the near depth 
expressed with angstrom. A curve 37 shows germanium concentration to the near depth. The axis of 
ordinate on the left-hand side of drawing 4 expresses the boron concentration expressed with an 
atom/cc, and a curve 39 shows the boron concentration to the near depth. 

[0024] The 1st epitaxial layer of the relaxation Sil-xGex layer formed in the top face of substrates 
1 1 and 3 1 described as layer 12A by drawing 1 and 2 consists of the laminated structure in which 
germanium presentation contains the layer 21 which changed gradually thru/or 27. A layer 21 thru/or 
27 have the desirable profile shown in drawing 3 by which the strain of the substrates 1 1 and 3 1 
under it was mitigated through correction Frank-Read source 33 shown in drawing 2 which is the 
device which generates a buffer layer 21 thru/or the strain of 27, or a new rearrangement. The Frank- 
Read source is indicated by U.S. Pat. No. 5659187 of F.K. REGOSU (Legoues) of the August 19, 
1997 issuance included in this description by reference, and B.S. my YASON (Meyerson). 
[0025] Including Layers 12 A, 12B, and 12C, a buffer layer 12 is a non-doped relaxation layer at 
first, and has about 35% of germanium presentation preferably about 30% to about 50% by the 
interface 19 of layers 12 and 13. 

[0026] In the actual design of a layer 12, Sil-xGex layer 12A to which germanium presentation was 
changed gradually is first formed on the Si substrates 1 1 and 31. Then, on layer 12A, y=x+z and z 
form 0.01 to 0.1, and layer 12C of Sil-xGex f finally eased more on layer 12B by forming overshoot 
layer 12B of Sil-yGey of 0.05 preferably. Overshoot layer 12B serves to guarantee whenever [ high 
relaxation ], i.e., whenever [ relaxation / >90% of], by the interface 19 of top Sil-xGex* surface- 
layer 12C fundamentally. It is desirable to use overshoot layer 12B of Si0.60germanium0.40 shown 
by curvilinear partial 12B' to curvilinear partial 21 1 of drawing 3 - 27' in the desirable case where 
fully eased 0.35 layer 12C of Si0.65germanium is attained. In relaxation Sil-xGex f layer 12C, the 
lattice constant aSiGe within a flat surface (inch-plane) (x) is given by the formula (1) 
aSiGe(x)=aSi+(aGe-aSi)x (1) 
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By the top formula, x is the content of germanium, 1-x is the content of Si, and aSi and aGe 
correspond to the lattice constant of Si and germanium, respectively. Therefore, in the desirable case 
where the SiO.65germaniumO.35 top surface layer is eased >90%, layer 12C has a lattice constant 
exceeding 4.956A. A layer 12 serves to ease the strain resulting from the grid mismatching between 
the top face of relaxation layer 12C or an interface 19, and the Si substrates 1 1 and 31 under it 
structurally. Since the lattice spacing of germanium is that [ 1 .04 times / of a single crystal Si ], 4.2% 
of grid mismatching exists among both sides. Thickness of a buffer layer 12 can be set to 0.2-5' 
micrometers. Desirable thickness is about 2.5 micrometers. Gradually (it is desirable rather than it 
carries out continuation change linearly), from x= 0 to x=0. 10-1.0, preferably, as shown in 
curvilinear partial 2 1 ' thru/or 27' of the layer 2 1 of drawing 2 thru/or 27, and drawing 3 , it increases 
germanium presentation profile at a time by 0.05 germanium gradually for every layer, and it is 
increased to x= 0.35. 

[0027] In order to evaluate the capacity of a layer 12 to attain SiO.65germaniumO.35 fully eased 
buffer, the high resolution X diffraction (XRD) was used and the property of the fabrication sample 
structure of drawing 2 was evaluated. (004) A reflective observation spectrum is shown in X-ray 
rocking curve 62 of drawing 5 . According to analysis, the upper part of SiGe buffer layer 12C and 
the lattice constant in an interface 19 support germanium presentation value x= 0.35 which has about 
95% of strain relaxation to the lower Si substrate 31. The axis of ordinate of drawing 5 expresses the 
reinforcement of the unit of arbitration, and an axis of abscissa expresses a bragg angle. The 
curvilinear part 63 of a curve 62 shows the measurement diffraction spectrum of the compound 
electron hole channels 16 and 17. The curvilinear part 64 of a curve 62 shows the measurement 
diffraction spectrum of a layer 12 to which the presentation was changed gradually. The curvilinear 
part 65 of a curve 62 shows the measurement diffraction spectrum of overshoot layer 12B. The 
curvilinear part 66 of a curve 62 shows the measurement diffraction spectrum of a substrate 11. 
[0028] A silicone film and a ** silicone film, i.e., Si:B, Si :P SiGe, SiGerB, SiGe :P The desirable 
method of growing up SiGeC, SiGeC:B, and SiGeC:P is a UHV-CVD process given in U.S. Pat. No. 
5298452 of my YASON described previously. The suitable UHV-CVD reactor for growth of the 
above-mentioned silicone film and a ** silicone film can come to hand from the lei boldus-spatula S 
company (Leybold-Heraeus Co.) in Germany, EPIGURESU (Epigress) of Sweden, and the CVD 
equipment company (CVD Equipment Corp.) of the New York State, U.S., RONKON comber 
(Ronkonkoma). 

[0029] In the laminated structure 1 0 of compound p channel modulation dope SiGe hetero structure, 
first, the relaxation SiGe layer 13 of p mold dope which functions as the donor layer or supply layer 
under an activity channel is formed on layer 12C, as shown in drawing 1 . l-20nm of thickness of a 
layer 13 must be 4-5nm preferably, and an activity donor's dose must be l-3xl012cm-2 electrically, 
p mold dopant of a layer 13 is included in the SiGe layer 13 by doping by B-2 H6 of various flow 
rates in the epitaxial growth of a layer 13. An example of the desirable boron dopant profile to the 
SiGe layer 13 is shown in drawin gs which set the dose to 1 .5x1012 boron / cm2. On p mold dope 
layer 13, epitaxial growth of the non-doped strain Si layer 14 is carried out as a spacer layer. A layer 
14 serves to separate the dopant of a layer 13 from the activity channel layers 16 and 17 formed on 
it. The thickness of a layer 14 must be thinner than the marginal thickness of the silicon layer to the 
lattice spacing in the interface 19 of the relaxation layer 12. The desirable thickness of the layer 13 in 
case the interface 19 of a layer 12 is 0.35 layers of relaxation Si0.65germanium is l-2nm. 
[0030] Next, epitaxial growth of the thin non-doped relaxation SiGe layer 15 is carried out on a layer 
14. Like a layer 14, a layer 15 commits the spacer layer which separates the dopant of a layer 13 
from the compound channel 33 when layers 16 and 17 are included further, in order to maintain the 
hole mobility of layers 16 and 17 highly. 0-1 Onm of thickness of a layer 15 is 4-5nm preferably. 
Epitaxial growth of the compressive-strain germanium layer 16 which functions as the 1st part of the 
compound p channel 33 of a p channel field-effect transistor is carried out on a layer 15. Please refer 
to U.S. Pat. No. 5259918 of S. Akbar (Akbar) of the name "Heteroepitaxial Growth of Germanium 
on Silicon by UHB/CVD" of the November 9, 1993 issuance included in this description by 
reference, J.O. CHU (Chu), and B. Cunningham (Cunningham), about detailed explanation of the 
UHV-CVD method which grows up the epitaxial germanium film on a silicon substrate. In order for 
a layer 16 to be the effective component of the compound p channel 33, this epitaxial germanium 
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layer must be a layer of device quality without structure defects, such as a problem of the granularity 
in the interface of a stacking fault, a layer 16, and a layer 17. For example, in the desirable case 
where layer 12C is 0.35 layers of relaxation Si0.65germanium in an interface 19, 0-25 A of thickness 
of the germanium layer 1 6 is 20A preferably shown in drawing 6 . In order to maintain the thickness 
of the germanium layer 16 to 20A, please care about that it is important that the lattice spacing in the 
interface 19 of a layer 12 is equal to the lattice spacing of 90% relaxation Si0.65germanium0.35 
buffer, or equivalent to this at least. Unlike this, by the way, whenever [ relaxation ], or germanium 
content is lower than this, and when [ of an interface 1 9 ] a lattice spacing makes it grow up on the 
short buffer layer 12, as shown in drawing 7 , a stacking fault arises in the germanium layer 16. 
[003 1 ] The germanium layer 1 6 which has the stacking fault of 1 04 - 1 06 defect / cm2 in drawing 6 
is shown. The stacking fault produced in the germanium layer 1 6 may be expanded up, and may 
reach the Sil-wGew layer 17. The stacking faults of the Sil-wGew layer 17 must also be 104 - 106 
defect / cm2. Smoothing in the top face of a layer 17 and an interface 42 is shown in drawing 6 . The 
stacking fault is reduced by less than two 106 defects / cm by easing the layer 12 90% by the 
interface 19. It can ask for the percent of layer relaxation by measuring a lattice constant by the X 
diffraction (XRD) described previously. 

[0032] The layer 12 of resemblance at drawing 6 in drawing 7 thru/or 18 are shown, however, the 
layer 12 of drawing 7 — by the interface 19, a lattice constant especially corresponds to less than 
90% of relaxation, and the 106 defects / cm2 which is not desirable are exceeded in an electron 
device ~ generally the stacking fault of 1 06 - 108 defect / cm2 has arisen. 

[0033] On a layer 16, epitaxial growth of the compressive-strain SiGe layer 17 which functions as 
the 2nd part of the compound channel 33 of a p channel field-effect transistor is carried out. 
germanium presentation of the SiGe layer 17 — 40-100A in thickness — receiving — 50%- < — it is 
80% preferably 100%. Or that even about 0.50 germanium of the upper part of the SiGe layer 17 
makes it fall gradually from 0.95germanium of the lower part of a layer near the germanium layer 16 
etc. may reduce the germanium content of the SiGe layer 1 7 gradually. 

[0034] On a layer 17, a p channel 33 is separated from a front face, and the SiGe cap layer 18 which 
serves to shut up an electron hole carrier at layers 16 and 17 is grown up. Desirable germanium 
presentation is the same as the presentation by the interface 19 of 12 C layer. 2-20nm of thickness of 
a layer 17 is 10-15nm preferably. The silicon / germanium presentation of layers 13, 15, and 18 are 
made the same, and a lattice spacing can become the same. When layer 12C has a lattice spacing 
equivalent to relaxation Si0.65germanium0.35 buffer layer by the interface 19, the germanium 
content is 35% preferably 20 to 50%. 

[0035] The high compressive strain which the electron hole into a channel shut up and originated in 
the high mobility having the lattice constant of pure germanium larger than Si in the compound 
channel structure of having the layer which is two with germanium content higher than the relaxation 
buffer layer of the interface 19 of a layer 12, 4.2% is the cause. SiGe or germanium channel layer 
formed on the relaxation SiGe buffer layer of a layer 12 can be made to be able to produce a 
compressive strain, and raising this can change considerably conduction and the valence band of the 
p channel layers 1 6 and 1 7 according to a structurally possible thing. Furthermore, a parameter 
important for the design of p channel modulation dope hetero structure is valence-band offset 
(deltaEv) of Sil-xGex to the relaxation Sil-x'Gex* epilayer of a layer 12 given by the formula (2), or 
germanium compressive-strain channel layer. 
deltaEv=(0.74-0.53x') x (eV) (2) 

By the top formula, x* is germanium content of the relaxation SiGe epilayer of a layer 12, and x is 
germanium content of an electron hole channel, this — a formula — reference — a book — a 
description — incorporating — having — R . — the People (People) — and — J . — C . — flowbean 
(Bean) ~ a report — "— Band alignments of coherently strained GexSi — one - x/Si heterostructures 
on - < 001 > - GeySi - one - y substrates - " - Appl . - Phys . - Lett . - 48 - (- eight --) - 
pp — 538 - 540 — 1986 — a year — two — a month — 24 — a day — reporting — having — **** . the 
valence-band offset the discontinuity (deltaEv) of the valence band is 443meV(s), and big when it is 
0.8 Si0.2germanium with which the layer 17 was formed on 12 0.35 layers of relaxation 
Si0.65germanium at the detail to a pan called 554meV in the case of the pure channel layer 16 of 
germanium — an electron hole or a valence band — being generated — an electron hole — it receives 
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shutting up and a deeper quantum well or a more effective obstruction is produced intrinsically. The 
compressive strain of SiGe or germanium layer is important also for serving to divide a valence band 
into a heavy electron hole band and a light hole band further. They are a report "A 1 .2V and 0. 1 
micrometer Gate Length CMOS Technology:Design and Process Issues" besides M. RODA 
(Rodder), and IEDM as hole mobility improves and being later stated by electron hole migration 
which met by this the strain channel in the high order valence band which has light hole mass more. 
Si which is generally about 75cm2/Vs as reported to 98-623 It becomes quite higher than the hole 
mobility in the inside of a p channel field-effect transistor. Consequently, the measurement hole 
mobility in the occupancy electron hole band of compound channel structure in case a layer 17 is 0.8 
Si0.2germanium with a thickness of 7-8nm and a layer 16 is germanium channel with a thickness of 
1.5-2.0nm serves as 900-1400cm2/Vs by 300K, and serves as 5000-10000cm2/Vs by 20K. 
[0036] Furthermore, behavior of the measurement hole mobility of a two-dimensional electron hole 
gas (2DHG:two-dimensional hole gas) to the temperature of Si0.2germanium0.8 / germanium 
compound p channel 33 grown up into the curve 71 of drawing 8 on the SiO.65germaniumO.35 buffer 
layer 12 eased appropriately is shown. It is inferior to the quality grown up into the curve 72 on 
SiO.75germaniumO.25 buffer of a low germanium content as a comparison, or the behavior of 
inferior mobility relevant to Si0.2germanium0.8/germanium compound channel structure with many 
defects is shown. This drawing shows that the compound p channel 33 tends to be influenced to the 
suitable design of the layers 12, such as a presentation profile, extent of relaxation, a stacking fault 
that remains, and a mismatching rearrangement. The axis of ordinate of drawing 8 expresses hole 
mobility muh expressed with cm2/Vs, and an axis of abscissa expresses the temperature expressed 
with K. It is based on existence of a stacking fault as shown in drawing 7 produced in 
Si0.2germanium0.8 / germanium compound p channel 33 that behavior of the mobility shown in the 
curve 72 is inferior, when the compound p channel 33 is manufactured on an epitaxial layer with low 
germanium content smaller [ 0.35 layers of Si0.65germanium / whenever / relaxation ] than 12. The 
measurement mobility of the Si0.2germanium0.8/germanium compound p channel 33 shown in a 
curve 71 is Si. It is 6 to 7 times as high as what is seen by the p channel field-effect transistor. The 
measurement mobility of the compound p channel 33 shown in the curve 71 shows the same defect 
density as what was shown in drawing 6 , and, generally is 104 - 106 defect / cm2. The measurement 
mobility of the compound p channel 33 shown in the curve 72 shows the same defect density as what 
was shown in drawing 7 , and, generally is 106 - 108 defect / cm2. Mobility muh of the compound p 
channel 33 in 300K is 1360cm2/Vs in field carrier density 1.4xl012cm-2. Mobility muh of the 
compound p channel 33 in 20K is 9800cm2/Vs in field carrier density 3.17xl012cm-2. 
[0037] the channel 43 which contains layers 16 and 17 on a buffer layer 12 with the alternative 
implementation gestalt shown in drawing 9 — on a channel 43, the Si layer 14 is formed on a layer 
15, and the p mold dope Sil-xGex supply layer 13 is formed for the SiGe layer 15 on the Si layer 14. 
The dielectric layers 81, such as diacid-ized silicon, are formed on the SiGe layer 13. In drawing 9 , 
the same reference mark was used to the function corresponding to the equipment of drawing 1 . 
[0038] In drawing 1 , one of the spacer layers 14, for example, Si spacer layer, or the SiGe spacer 
layers 15 can be structurally excluded from compound p channel 33 laminated structure 10, without 
the electron hole in a p channel 33 shutting up, and reducing carrier mobility substantially. 
[0039] In case it is going to optimize carrier migration at low temperature (<20K) by separating the 
activity carrier of a p channel 43 from the electron hole donor by whom the supply layer 13 was 
ionized further in the design of the modulation dope device 80 shown in drawing 9 , the spacer of the 
thicker one of the spacer layers 15 and 14 is usually more desirable, and it is important. 
Nevertheless, when only either Si spacer layer 14 or the SiGe spacer layers 15 exist and the 
compound channel 43 of the modulation dope device 80 is separated from the supply layer 13 in 
migration at a room temperature, it cannot but be the minimum though there is effectiveness 
observed. 

[0040] In the modulation dope device 80 with which the supply layer 13 is located on the activity 
channel 43 as shown in drawing 9 , a compound p channel layer consists of the thin germanium layer 
16 (thinner than about 10-20A in marginal thickness in an interface 19), and the SiGe layer 17. First, 
the germanium layer 16 is formed on 12 C layer, and an interface 19 is formed. Layers 16 and 17 
function as a channel field 43 of a field-effect transistor. Next, it consists of the SiGe spacer layer 15 
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and Si spacer layer 14, and the spacer layer which serves to separate the dopant of the upper supply 
layer 13 from the activity channel of the bottom which consists of layers 16 and 17 is grown up on 
the channel layer 17. On the spacer layer 14, the SiGe supply layer 1 3 of p mold dope which 
functions as the donor layer or supply layer on the activity channel layers 16 and 1 7 is formed. A 
germanium presentation and thickness of layers 16, 17, 15, 14, and 13 are the same as the layer of 
the same reference mark of drawing 1 which shows the compound channel laminated structure 1 0 
which has the SiGe supply layer 13 under a channel 33, or can be made equivalent. 
[0041] Self-align p mold SiGe The top view of a MODFET device is shown in drawing 10 . The 
cross section which met the line 12-12 of drawing 10 is shown in drawing 1 1 . A self- align 
MODFET design is suitable to minimize the access resistance relevant to shot key gate device 
structure, and this process usually needs patterning of gate metallic coating, and vacuum 
evaporationo before ohm metallic coating of the source/drain. In case the ohmic contact of the source 
and a drain is vapor-deposited for the gate of T form, it manufactures so that the mask with which 
the overhang of the gate prevents the ohmic contact of the source and a drain connecting with the 
footprint of the shot key gate too hastily may be committed. M. ARAFA (Arafa) by which this basic- 
process system is included in this description by reference, and K. - the report "A 70-GHz fT low 
operating bias self-aligned p-type SiGe MODEFT" of a chair mile (Ismail), J.O. CHU (Chu), B.S. 
my YASON (Meyerson), and I. ADESHIDA (Adesida), and IEEE Elec.Dev.Lett.vol. - it is reported 
to pp.586-588 17 (12) months and December, 1996. This device consisted of the laminated structure 
indicated to drawing 1 , and the same reference mark was used for it to the layer corresponding to the 
layer of drawing 1 as shown in drawing 1 1 . This laminating mechanical design shows modulation 
dope hetero structure, and is separated from the layers 16 and 17 in which p mold dope layer 13 
which commits a supply layer commits a conduction channel field by the non-doped layers 14 and 
15 which commit a spacer layer. The field-effect transistor 100 of drawing 1 1 consists of the 
isolation region 104 made by removing selectively layers 13, 14, 15, 16, 17, and 18 so that a 
conduction compound channel field may remain only in the activity device field 105. The isolation 
region 104 must enclose the perimeter of the activity channel field 105 thoroughly, as shown in 
drawing 10 . Subsequently, an isolation region 1 04 is inactivated by making the insulating materials 
106, such as SiOx, adhere in the isolation region 104 after etching. The lower part is T form of 
double width [ upper part ] in narrow-width, and, as for gate structure, it is desirable to have the 
property that the Schottky barrier over an electron hole is expensive, resistivity is low and the 
temperature obstruction over a reaction with a substrate is expensive. Such a property can be 
acquired by using a multi-level gate stack. With a desirable operation gestalt, by the electron beam 
lithography which used the bilayer or TORIREIYA P (MMA-PMAA) resist system, patterning of the 
gate 107 is carried out and it is demarcated using the lift off of Ti/Mo/Pt/Au. In this case, the gate 
107 is formed on a layer 1 8 and consists of the Ti layer 108, an Mo layer 109, a Pt layer 110, and an 
Au layer 1 1 1 toward a top from the bottom. It is possible to set the dimension of the footprint 1 12 of 
the gate to less than 0. 1 micrometers, and to make small the dimension between the source-gates and 
between the drain-gates according to this process, at about 0.1 micrometers. The gate 107 must form 
the narrow- width stripe which divides an activity device field into two separate fields of both sides 
thoroughly. Subsequently, the source and the self-align ohmic contacts 113 and 1 14 of a drain are 
formed by making a metal vapor-deposit on the activity device field 105. At this time, the duty of the 
shadow mask with which the overhang part 1 1 5 of the gate 107 prevents the source and the drain 
contacts 1 13 and 1 14 connecting with the gate 107 too hastily is achieved. With a desirable operation 
gestalt, the film of Pt with a thickness of 20-30nm is vapor-deposited on the activity device field 
105, subsequently it silicifies at T= 200-400 degrees C, and the source and the drain contacts 113 
and 1 14 of low resistance are formed. 

[0042] The sectional view of the insulated-gate field-effect transistor on a compound p channel 
laminated structure is shown in drawing 12 . This device changed from the laminated structure of a 
publication to drawing 1 , and used the same reference mark for it to the layer corresponding to the 
layer of drawing 1 . A device consists of the insulating layer 120 formed on the SiGe layer 18 
further. A layer 120 is constituted from SiOx or SixNy by the desirable operation gestalt. This device 
consists of the isolation region 121 which consisted of an approach given in drawing 10 , and same 
approach further, the gate 122, the source, and the drain contacts 123 and 124. With a desirable 
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operation gestalt, the gate 122 is formed on an insulating layer 120. The source and the self-align 
ohmic contacts 123 and 124 of a drain are formed by using the gate 122 as a mask after patterning of 
the insulating side-attachment- wall field 121. 

[0043] Some scan microphotographies of the self-align MODFET finished product manufactured to 
drawing 13 on drawing 1 0 and a compound p channel laminated structure given in drawing 1 1 are 
shown. Spacing between 0.12 micrometers and the source-gate of the gate footprint of this specific 
device is 0. 1 5 micrometers. 

[0044] The graph of the RF property of self-align compound p channel MODFET in two steps of 
bias voltage which is different in drawing 14 and 15 is shown. This device was a thing using the 
design shown in drawing 10 and 11, gate footprint length was 0.09 micrometers and gate width was 
25 micrometers. The electric result was obtained from the microwave s parameter data taken at 5- 
40GHz of frequency ranges under rated bias conditions. The effect of the parasitic element 
originating in the configuration of a microwave pad is removed by measuring an off pad 
configuration and subsequently removing the response of a actual device configuration from the total 
system response. 

[0045] Drawing 1 4 shows forward current gain |h21|2 (data point 126) plotted to the frequency fin 
bias voltage Vds=-0.6V between the drain-sources, and the maximum unilateral gain (MUG) (data 
point 127). Drawing 1 5 shows forward current gain |h21|2 (data point 128) plotted to the frequency f 
in bias voltage Vds~-1 ,5V between the drain-sources, and the maximum unilateral gain (MUG) (data 
point 129). The unit current gain cut-off frequency fT is obtained by extrapolating until |h21 12 
become a unit to a frequency about |h21|2 by -20dB /, and decimal. The extrapolation to the 
frequency of the data point 126 showing |h21 \2 of Vds=-0.6V is shown in the curve 130 drawn as the 
continuous line of drawing 14 . The extrapolation to the frequency of the data point 128 showing 
|h21|2 of Vds=-1.5V is shown in the curve 131 drawn as the continuous line of drawing 15 . 
Similarly, a maximum frequency of oscillation fmax is obtained by extrapolating the RF value of 
MUG by -20dB /, and decimal, until MUG becomes a unit. The extrapolation to the frequency of the 
data point 127 showing MUG of Vds=-0.6V is shown in the curve 122 of drawing 14 . The 
extrapolation to the frequency of the data point 129 showing MUG of Vds=-1.5V is shown in the 
curve 1 33 of drawing 15 . fT=46GHz and fmax=l 1 6GHz are obtained from this extrapolation by 
Vds=-0.6V fT=48GHz, fmax=108GHz, and Vds=-1.5V. As far as artificers get to know, these fmax 
values are highest values acquired by p mold field-effect transistor until now. Especially the thing for 
which it exceeds 100GHz by low bias voltage Vds=-0.6V has impressive fmax. The low bias voltage 
from which the record high frequency engine performance and record they of these depletion mode 
field-effect transistor devices were obtained is as a result of [ direct ] a high mobility compound 
channel laminated structure, drawing 10 , and a self-align T form gate device design given in 1 1 . 
[0046] As a conclusion, the following matters are indicated about the configuration of this invention. 

[0047] (1) In the laminated structure which forms a p channel field-effect transistor The germanium 
molar fraction x by which epitaxial formation was carried out on the single crystal substrate and said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, The 2nd layer of Sil-xGex by which 
epitaxial formation was carried out on said 1st layer, The 3rd layer of Si which is not doped [ by 
which epitaxial formation was carried out on said 2nd layer ], The 4th layer of Sil-xGex which is not 
doped [ by which epitaxial formation was carried out on said 3rd layer ], On said 4th layer, epitaxial 
formation is carried out and a compressive strain is added by this. The 5th layer of germanium 
thinner than the marginal thickness of this layer to said 1st layer, Epitaxial formation is carried out 
on said 5th layer, and the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The laminated structure 
containing the 6th layer of Sil -wGew which the compressive strain joined by this, and the 7th layer 
of Sil-xGex by which epitaxial formation was carried out on said 6th layer. 

(2) A laminated structure given in the above (1) which z has the germanium molar fraction y of 0.01 - 
0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal thickness of this 
layer to said 1 st layer by y=x+z in the strain relief structure of said 1 st layer. 

(3) A laminated structure given in the above (1) which is the pad compound channel structure which 
produces a deep quantum well or a higher obstruction rather than it confines an electron hole in 
fitness more when an activity device field consists of the epitaxial germanium channel of said 5th 
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layer, and the epitaxial Sil-wGew channel of said 6th layer and compares with a monolayer channel 
device of having a higher compressive strain. 

(4) A laminated structure given in the above (1) formed in the temperature requirement said whose 
5th layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

(5) A laminated structure given in the above (1) to which the germanium content w in said 6th layer 
falls gradually toward the top face of said 6th layer from high germanium content relatively near said 
5th layer. 

(6) A laminated structure given in the above (1) whose spacer field contains said 3rd layer of strain 
Si, and said 4th layer of relaxation Sil-xGex. 

(7) A laminated structure given [ the tensile strain joins said 3rd layer, equivalent said 3rd layer and 
thinner than the marginal thickness of this layer to an interface with said 2nd layer of said 1st layer ] 
in the above (1). 

(8) Said 2nd layer is formed in the bottom of the channel field which consists of said 5th and 6th 
layers. It is the p form dope Sil-xGex layer separated from said channel field by said 3rd layer of Si, 
and said 4th layer of Si 1 -xGex. It is a laminated structure given in the above (1) whose dose of an 
activity donor l-20nm of thickness of said 2nd layer is 4-5nm preferably, and is 1-3x1 01 2cm-2 
electrically [ said 2nd layer ]. 

(9) In the laminated structure which forms a p channel field-effect transistor The germanium molar 
fraction x by which epitaxial formation was carried out on the single crystal substrate and said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, The 2nd layer of Sil-xGex by which 
epitaxial formation was carried out on said 1st layer, The 3rd layer of Si which is not doped [ by 
which epitaxial formation was carried out on said 2nd layer ], On said 3rd layer, epitaxial formation 
is carried out and a compressive strain is added by this. The 4th layer of germanium thinner than the 
marginal thickness of this layer to said 1st layer, Epitaxial formation is carried out on said 4th layer, 
and the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The laminated structure containing the 
5th layer of Sil-wGew which the compressive strain joined by this, and the 6th layer of Sil-xGex by 
which epitaxial formation was carried out on said 5th layer. 

(10) A laminated structure given in the above (9) which z has the germanium molar fraction y of 
0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal thickness of 
this layer to said 1st layer by y=x+z in the strain relief structure of said 1st layer. 

(1 1) A laminated structure given in the above (9) which is the pad compound channel structure 
which produces a deep quantum well or a higher obstruction rather than it confines an electron hole 
in fitness more when an activity device field consists of the epitaxial germanium channel of said 4th 
layer, and the epitaxial Sil-wGew channel of said 5th layer and compares with a monolayer channel 
device of having a higher compressive strain. 

(12) A laminated structure given in the above (9) formed in the temperature requirement said whose 
4th layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

(13) A laminated structure given in the above (9) to which the germanium content w in said 5th layer 
falls gradually toward the top face of said 5th layer from high germanium content relatively near said 
4th layer. 

(14) A laminated structure given in the above (9) whose spacer field is the monolayer structure 
which consists of said 3rd layer of strain Si. 

(15) A laminated structure given [ the tensile strain joins said 3rd layer, equivalent said 3rd layer and 
thinner than the marginal thickness of this layer to an interface with said 2nd layer of said 1 st layer ] 
in the above (9). 

(16) A laminated structure given in the above (9) which thickness can adjust the 3rd layer of said Si, 
can replace in the relaxation Sil-xGex layer to which the thickness of a spacer can be changed 
according to it, and can optimize a supply dose as a function of the temperature of the range of 0.4- 
425K according to the application of a device by it. 

(17) A laminated structure given in the above (9) which is the p form dope Sil-xGex layer which 
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said 2nd layer was formed in the bottom of the channel field which consists of said 4th and 5th 
layers, and was separated from said channel field by said 3rd layer of Si. 

(18) A laminated structure given in the above (16) which said supply layer of said 2nd layer is 
formed in the bottom of the channel field which consists of said 4th and 5th layers, and is separated 
from said channel field by said relaxation Sil-xGex layer. 

(19) In the laminated structure which forms a p channel field-effect transistor The germanium molar 
fraction x by which epitaxial formation was carried out on the single crystal substrate and said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, On said 1st layer, epitaxial formation is 
carried out and a compressive strain is added by this. The 2nd layer of germanium thinner than the 
marginal thickness of this layer to said 1 st layer, Epitaxial formation is carried out on said 2nd layer, 
and the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The 3rd layer of Sil-wGew which the 
compressive strain joined by this, the 4th layer of Sil-xGex which is not doped [ by which epitaxial 
formation was carried out on said 3rd layer ], The laminated structure containing the 5th layer of Si 
which is not doped [ by which epitaxial formation was carried out on said 4th layer ], and the 6th 
layer of Sil-xGex of p mold dope by which epitaxial formation was carried out on said 5th layer. 

(20) A laminated structure given in the above (19) which z has the germanium molar fraction y of 
0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal thickness of 
this layer to said 1 st layer by y=x+z in the strain relief structure of said 1 st layer. 

(21) A laminated structure given in the above (19) which is the pad compound channel structure 
which produces a deep quantum well or a higher obstruction rather than it confines an electron hole 
in fitness more when an activity device field consists of the epitaxial germanium channel of said 2nd 
layer, and the epitaxial Sil-wGew channel of said 3rd layer and compares with a monolayer channel 
device of having a higher compressive strain. 

(22) A laminated structure given in the above (19) formed in the temperature requirement said whose 
2nd layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

(23) A laminated structure given in the above (19) to which the germanium content w in said 3rd 
layer falls gradually toward the top face of said 3rd layer from high germanium content relatively 
near said 2nd layer. 

(24) A laminated structure given in the above (19) whose spacer field is a compound laminated 
structure containing said 5th layer of strain Si, and said 4th layer of relaxation Sil-xGex. 

(25) A laminated structure given [ the tensile strain joins said 5th layer, equivalent said 5th layer and 
thinner than the marginal thickness of this layer to an interface with said 2nd layer of said 1st layer ] 
in the above (19). 

(26) A laminated structure given in the above (19) which is the p form dope Sil-xGex layer 
separated from said channel field according to the compound spacer structure where said supply 
layer is formed on the channel field which consists of said 2nd and 3rd layers, and consists of said 
5th layer of Si, and said 4th layer of Sil-xGex. 

(27) In the laminated structure which forms a p channel field-effect transistor The germanium molar 
fraction x by which epitaxial formation was carried out on the single crystal substrate and said 
substrate The 1st layer of relaxation Sil-xGex of 0.35-0.5, On said 1st layer, epitaxial formation is 
carried out and a compressive strain is added by this. The 2nd layer of germanium thinner than the 
marginal thickness of this layer to said 1 st layer, Epitaxial formation is carried out on said 2nd layer, 
and the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The laminated structure containing the 
3rd layer of Sil-wGew which the compressive strain joined by this, the 4th layer of Sil-xGex which 
is not doped [ by which epitaxial formation was carried out on said 3rd layer ], and the 5th layer of 
Sil-xGex of p mold dope by which epitaxial formation was carried out on said 4th layer. 

(28) A laminated structure given in the above (27) which z has the germanium molar fraction y of 
0.01-0.1, and contains further the overshoot layer of Sil-yGey thinner than the marginal thickness of 
this layer to said 1st layer by y=x+z in the strain relief structure of said 1st layer. 

(29) A laminated structure given in the above (27) which is the pad compound channel structure 
which produces a deep quantum well or a higher obstruction rather than it confines an electron hole 
in fitness more when an activity device field consists of the epitaxial germanium channel of said 2nd 
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layer, and the epitaxial Sil-wGew channel of said 3rd layer and compares with a monolayer channel 
device of having a higher compressive strain. 

(30) A laminated structure given in the above (27) formed in the temperature requirement said whose 
2nd layer is 275-350 degrees C to which three-dimension growth of germanium film which the 
problem of the granularity of an interface produces does not take place, but two-dimensional growth 
of germanium film takes place. 

(31) A laminated structure given in the above (27) to which the germanium content w in said 3rd 
layer falls gradually toward the top face of said 3rd layer from high germanium content relatively 
near said 2nd layer. 

(32) A laminated structure given in the above (27) whose spacer field is the monolayer structure 
which consists of the relaxation Sil-xGex layer of said 4th layer. 

(33) A laminated structure given in the above (27) which can replace the 4th layer of said Sil-xGex 
in an equivalent thin strain Si layer, and can make the spacer of a MODFET device thin by this. 

(34) A laminated structure given in the above (27) which is the p form dope Sil-xGex layer which 
said 5th layer was formed on the channel field which consists of said 2nd and 3rd layers, and was 
separated from said channel field by said 4th layer of Sil-xGex. 

(35) A laminated structure given in the above (33) which is the p form dope Sil-xGex layer which 
said 5th layer was formed on the channel field which consists of said 2nd and 3rd layers, and was 
separated from said channel field by the equivalent thin strain Si layer. 

(36) In the field-effect transistor structure which changes from the laminated structure of a 
publication to the above (1) The insulating region generated by removing said the 7th thru/or 2nd 
layer selectively at least, Field-effect transistor structure which contains further the shot key gate 
electrode formed on said 7th layer, the source electrode located in said one gate electrode side, and 
the drain electrode located in said another gate electrode side. 

(37) In the field-effect transistor structure which changes from the laminated structure of a 
publication to the above (9) The insulating region generated by removing said the 6th thru/or 2nd 
layer selectively at least, Field-effect transistor structure which contains further the shot key gate 
electrode formed on said 6th layer, the source electrode located in said one gate electrode side, and 
the drain electrode located in said another gate electrode side. 

(38) In the field-effect transistor structure which changes from the laminated structure of a 
publication to the above (1) The insulating region generated by removing said the 7th thru/or 2nd 
layer selectively at least, Field-effect transistor structure which contains further the gate electrode on 
the gate dielectric formed on said 7th layer, and said gate dielectric, the source electrode located in 
said one gate electrode side, and the drain electrode located in said another gate electrode side. 

(39) In the field-effect transistor structure which changes from the laminated structure of a 
publication to the above (9) The insulating region generated by removing said the 6th thru/or 2nd 
layer selectively at least, Field-effect transistor structure which contains further the gate electrode on 
the gate dielectric formed on said 6th layer, and said gate dielectric, the source electrode located in 
said one gate electrode side, and the drain electrode located in said another gate electrode side. 

(40) In the field-effect transistor structure which changes from the laminated structure of a 
publication to the above (19) The insulating region generated by removing said the 6th thru/or 2nd 
layer selectively at least, Field-effect transistor structure which contains further the gate electrode on 
the gate dielectric formed on said 6th layer, and said gate dielectric, the source electrode located in 
said one gate electrode side, and the drain electrode located in said another gate electrode side. 

(41) In the field-effect transistor structure which changes from the laminated structure of a 
publication to the above (27) The insulating region generated by removing said the 5th thru/or 2nd 
layer selectively at least, Field-effect transistor structure which contains further the gate electrode on 
the gate dielectric formed on said 5th layer, and said gate dielectric, the source electrode located in 
said one gate electrode side, and the drain electrode located in said another gate electrode side. 

In the laminated structure which forms an electric device on it (42) A single crystal substrate, The 
germanium molar fraction x by which epitaxial formation was carried out on said substrate is in the 
strain relief structure of the 1st layer of relaxation Sil-xGex of 0.35-0.5, and said 1st layer. By 
y=x+z The laminated structure which z has the germanium molar fraction y of 0.01-0. 1, and contains 
the overshoot layer of Sil-yGey thinner than the marginal thickness of this layer to the upper part of 
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said 1st layer, and the 2nd layer of Sil-xGex by which epitaxial formation was carried out on said 
1 st layer. 

(43) The phase where the germanium molar fraction x carries out epitaxial formation of the 1st layer 
of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, and said 
substrate, The phase which carries out epitaxial formation of the 2nd layer of Sil-xGex on said 1st 
layer, The phase which carries out epitaxial formation of the 3rd layer of Si which is not doped [ by 
which epitaxial formation was carried out on said 2nd layer ], The phase which carries out epitaxial 
formation of the 4th layer of non-doped Sil-xGex on said 3rd layer, The phase which a compressive 
strain is added by this on said 4th layer, and carries out epitaxial formation of the 5th layer of 
germanium thinner than the marginal thickness of this layer to said 1st layer, On said 5th layer, the 
germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The formation approach of a p channel field- 
effect transistor including the phase which carries out epitaxial formation of the 7th layer of Sil - 
xGex on the phase which carries out epitaxial formation of the 6th layer of Sil-wGew which the 
compressive strain joined by this, and said 6th layer. 

(44) An approach given in the above (43) which z has the germanium molar fraction y of 0.01-0.1, 
and includes further the phase which forms the overshoot layer of Sil-yGey thinner than the 
marginal thickness of this layer to said 1 st layer by y=x+z in the strain relief structure of said 1st 
layer. 

(45) An approach given in the above (43) formed in the temperature requirement said whose 5th 
layer is 275-350 degrees C to which three-dimension growth of germanium film which the problem 
of the granularity of an interface produces does not take place, but two-dimensional growth of 
germanium film takes place. 

(46) An approach given in the above (43) said whose phase which forms the 6th layer includes the 
phase in which the germanium content w in said 6th layer is gradually reduced toward the top face of 
said 6th layer from high germanium content relatively near said 5th layer. 

(47) Said 2nd layer is formed in the bottom of the channel field which consists of said 5th and 6th 
layers. It is the p form dope Sil-xGex layer separated from said channel field by said 3rd layer of Si, 
and said 4th layer of Sil-xGex. It is an approach given in the above (43) whose dose of an activity 
donor l-20nm of thickness of said 2nd layer is 4-5nm preferably, and is 1-3x1 01 2cm-2 electrically 

[ said 2nd layer ]. 

(48) The phase where the germanium molar fraction x carries out epitaxial formation of the 1st layer 
of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, and said 
substrate, The phase which carries out epitaxial formation of the 2nd layer of Sil-xGex on said 1st 
layer, The phase which carries out epitaxial formation of the 3rd layer of non-doped Si on said 2nd 
layer, The phase which a compressive strain is added by this on said 3rd layer, and carries out 
epitaxial formation of the 4th layer of germanium thinner than the marginal thickness of this layer to 
said 1st layer, On said 4th layer, the germanium molar fraction w is 0.5-<l .0, w-x> 0.2. The 
formation approach of a p channel field-effect transistor including the phase which carries out 
epitaxial formation of the 6th layer of Sil-xGex on the phase which carries out epitaxial formation of 
the 5th layer of Sil-wGew which the compressive strain joined by this, and said 5th layer. 

(49) An approach given in the above (48) which z has the germanium molar fraction y of 0.01-0.1, 
and includes further the phase which forms the overshoot layer of Sil-yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z in the strain relief structure of said 1st 
layer. 

(50) An approach given in the above (48) formed in the temperature requirement said whose 4th 
layer is 275-350 degrees C to which three-dimension growth of germanium film which the problem 
of the granularity of an interface produces does not take place, but two-dimensional growth of 
germanium film takes place. 

(51) An approach given in the above (48) said whose phase which forms the 5th layer includes the 
phase in which the germanium content w in said 5th layer is gradually reduced toward the top face of 
said 5th layer from high germanium content relatively near said 4th layer. 

(52) An approach given in the above (48) which thickness can adjust the 3rd layer of said Si, can 
replace in the relaxation Sil-xGex layer to which the thickness of a spacer can be changed according 
to it, and can optimize a supply dose as a function of the temperature of the range of 0.4-425K 
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according to the application of a device by it. 

(53) An approach given in the above (48) which is the p form dope Sil-xGex layer which said 2nd 
layer was formed in the bottom of the channel field which consists of said 4th and 5th layers, and 
was separated from said channel field by said 3rd layer of Si. 

(54) An approach given in the above (52) which said supply layer of said 2nd layer is formed in the 
bottom of the channel field which consists of said 4th and 5th layers, and is separated from said 
channel field by said relaxation Sil-xGex layer. 

(55) The phase where the germanium molar fraction x carries out epitaxial formation of the 1st layer 
of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, and said 
substrate, The phase which a compressive strain is added by this on said 1 st layer, and carries out 
epitaxial formation of the 2nd layer of germanium thinner than the marginal thickness of this layer to 
said 1st layer, On said 2nd layer, the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The phase 
which carries out epitaxial formation of the 3rd layer of Sil-wGew which the compressive strain 
joined by this, The phase which carries out epitaxial formation of the 4th layer of non-doped Sil- 
xGex on said 3rd layer, The formation approach of a p channel field-effect transistor including the 
phase which carries out epitaxial formation of the 6th layer of Sil-xGex of p mold dope on the phase 
which carries out epitaxial formation of the 5th layer of non-doped Si on said 4th layer, and said 5th 
layer. 

(56) An approach given in the above (55) which z has the germanium molar fraction y of 0.01-0.1, 
and includes further the phase which forms the overshoot layer of Si 1 -yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z in the strain relief structure of said 1st 
layer. 

(57) An approach given in the above (55) formed in the temperature requirement said whose 2nd 
layer is 275-350 degrees C to which three-dimension growth of germanium film which the problem 
of the granularity of an interface produces does not take place, but two-dimensional growth of 
germanium film takes place. 

(58) An approach given in the above (55) said whose phase which forms the 3rd layer includes the 
phase in which the germanium content w in said 3rd layer is gradually reduced toward the top face of 
said 3rd layer from high germanium content relatively near said 2nd layer. 

(59) An approach given in the above (55) which said supply layer of the p form dope Sil-xGex layer 
of said 6th layer is formed on the channel field which consists of said 2nd and 3rd layers, and is 
separated from said channel field according to the compound spacer structure which consists of said 
5th layer of Si, and said 4th layer of Sil-xGex. 

(60) The phase where the germanium molar fraction x carries out epitaxial formation of the 1st layer 
of relaxation Sil-xGex of 0.35-0.5 on the phase which chooses a single crystal substrate, and said 
substrate, The phase which a compressive strain is added by this on said 1 st layer, and carries out 
epitaxial formation of the 2nd layer of germanium thinner than the marginal thickness of this layer to 
said 1st layer, On said 2nd layer, the germanium molar fraction w is 0.5-<1.0, w-x> 0.2. The phase 
which carries out epitaxial formation of the 3rd layer of Sil-wGew which the compressive strain 
joined by this, The formation approach of a p channel field-effect transistor including the phase 
which carries out epitaxial formation of the 5th layer of Sil-xGex of p mold dope on the phase which 
carries out epitaxial formation of the 4th layer of non-doped Sil-xGex on said 3rd layer, and said 4th 
layer. 

(61) An approach given in the above (60) which z has the germanium molar fraction y of 0.01-0.1, 
and includes further the phase which forms the overshoot layer of Si 1 -yGey thinner than the 
marginal thickness of this layer to said 1st layer by y=x+z in the strain relief structure of said 1st 
layer. 

(62) An approach given in the above (60) formed in the temperature requirement said whose 2nd 
layer is 275-350 degrees C to which three-dimension growth of germanium film which the problem 
of the granularity of an interface produces does not take place, but two-dimensional growth of 
germanium film takes place. 

(63) An approach given in the above (60) said whose phase which forms the 3rd layer includes the 
phase in which the germanium content w in said 3rd layer is gradually reduced toward the top face of 
said 3rd layer from high germanium content relatively near said 2nd layer. 
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(64) An approach given in the above (60) which is the p form dope Sil-xGex layer which said 5th 
layer was formed on the channel field which consists of said 2nd and 3rd layers, and was separated 
from said channel field by said 4th layer of Sil-xGex. 

(65) An approach given in the above (60) which is the p form dope Sil-xGex layer which said 5th 
layer was formed on the channel field which consists of said 2nd and 3rd layers, and was separated 
from said channel field by the equivalent thin strain Si layer. 

(66) In the formation approach of the field-effect transistor structure which changes from the 
approach of a publication to the above (43) The phase which forms an insulating region by removing 
said the 7th thru/or 2nd layer selectively at least, How to include further the phase which forms a 
shot key gate electrode on said 7th layer, the phase which forms a source electrode in said one gate 
electrode side, and the phase which forms a drain electrode in said another gate electrode side. 

(67) In the formation approach of the field-effect transistor structure which changes from the 
approach of a publication to the above (48) The phase which forms an insulating region by removing 
said the 6th thru/or 2nd layer selectively at least, How to include further the phase which forms a 
shot key gate electrode on said 6th layer, the phase which forms a source electrode in said one gate 
electrode side, and the phase which forms a drain electrode in said another gate electrode side. 

(68) In the formation approach of the field-effect transistor structure which changes from the 
approach of a publication to the above (43) The phase which forms an insulating region by removing 
said the 7th thru/or 2nd layer selectively at least, How to include further the phase which forms a 
gate dielectric on said 7th layer, the phase which forms a gate electrode on said gate dielectric, the 
phase which forms a source electrode in said one gate electrode side, and the phase which forms a 
drain electrode in said another gate electrode side. 

(69) In the formation approach of the field-effect transistor structure which changes from the 
approach of a publication to the above (48) The phase which forms an insulating region by removing 
said the 6th thru/or 2nd layer selectively at least, How to include further the phase which forms a 
gate dielectric on said 6th layer, the phase which forms a gate electrode on said gate dielectric, the 
phase which forms a source electrode in said one gate electrode side, and the phase which forms a 
drain electrode in said another gate electrode side. 

(70) In the formation approach of the field-effect transistor structure which changes from the 
approach of a publication to the above (55) The phase which forms an insulating region by removing 
said the 6th thru/or 2nd layer selectively at least, How to include further the phase which forms a 
gate dielectric on said 6th layer, the phase which forms a gate electrode on said gate dielectric, the 
phase which forms a source electrode in said one gate electrode side, and the phase which forms a 
drain electrode in said another gate electrode side. 

(71) In the formation approach of the field-effect transistor structure which changes from the 
approach of a publication to the above (60) The phase which forms an insulating region by removing 
said the 5th thru/or 2nd layer selectively at least, How to include further the phase which forms a 
gate dielectric on said 5th layer, the phase which forms a gate electrode on said gate dielectric, the 
phase which forms a source electrode in said one gate electrode side, and the phase which forms a 
drain electrode in said another gate electrode side. 

The 1st layer of relaxation Sil-xGex of 0.35-0.5 in the phase as for which the germanium molar 
fraction x carries out epitaxial formation on the phase which forms a single crystal substrate, and 
said substrate, and the strain relief structure of said 1st layer (72) By y=x+z The formation approach 
of an electric device including the phase which forms the 2nd layer of Sil-xGex on the phase which 
z has the germanium molar fraction y of 0.01-0.1, and forms the overshoot layer of Sil-yGey thinner 
than the marginal thickness of this layer to the upper part of said 1st layer, and said 1st layer. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of a laminated structure showing 1 operation gestalt of this 
invention. 

[Drawing 2 ] It is the transmission electron microscope (TEM) cross-section photograph of a 
fabrication sample in which the completion laminated structure of the operation gestalt of this 
invention shown in drawing 1 is shown. 

[Drawing 3] It is the graph of the secondary ion mass analysis (SIMS) which shows germanium 
concentration to the depth of the fabrication sample structure shown in drawing 2 which shows 
desirable germanium presentation laminated structure of the operation gestalt of this invention. 
[ Drawing 4] It is the enlarged drawing of the upper part of drawing 3 which shows B of a 
modulation dope device field, and germanium concentration, and SIMS to a depth of about 1000A. 
[Drawing 5] It is the X-ray rocking curve of the echo (004) from the fabrication relaxation laminated 
structure shown in drawing 2 . 

[Drawing 6] It is the detailed TEM cross-section photograph of the up device field of the fabrication 
sample structure shown in drawing 2 in which the compound p channel modulation dope device 
structure of the operation gestalt of this invention is shown. 

[Drawing 7] It is the detailed TEM cross-section photograph of the channel field of device structure 
in which existence of the stacking fault in an activity channel is shown and which extent of 
relaxation manufactured on the small buffer compared with the laminated structure of drawing 1 . 
[Drawing 8] It is the graph which showed the measured value of the hole mobility to the temperature 
(kelvin (K)) in hole (Hall) measurement which compared behavior of the hole mobility of low 
quality p channel device structure including the stacking fault shown in the high quality p channel 
device structure shown in drawing 5 and drawing 6 . 

[Drawing 9] It is the sectional view of a laminated structure showing the 2nd operation gestalt of this 
invention. 

[Drawing 10] It is the top view of a field-effect transistor. 

[Drawing 1 1] It is the sectional view which was taken along with the line 12-12 of drawing 10 and in 
which showing a compound p channel laminated structure. 

[Drawing 12 ] It is the sectional view of the insulated-gate field-effect transistor on a compound p 
channel laminated structure. 

[Drawing 13] They are some scanning electron microscope (SEM) photographs of the self-align 
MODFET finished product manufactured on the compound p channel laminated structure shown in 
drawing 1 1 and 12. 

[Drawing 14] It is drawing which plotted the data point of the forward direction current gain to the 
frequency measured by Vds=-0.6V of MODFET which showed the part to drawing 1 3 , and 
fabrication p channel MODFET which has the same compound p channel laminated structure, and 
the maximum unilateral gain. 

[Drawing 15} It is drawing which plotted the data point of the forward direction current gain to the 
frequency measured by Vds=-1 ,5V of MODFET which showed the part to drawing 1 3 , and 
fabrication p channel MODFET which has the same compound p channel laminated structure, and 
the maximum unilateral gain. 
[Description of Notations] 
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10 Laminated Structure of Compound P Channel Modulation Dope SiGe Hetero Structure 

1 1 Single Crystal Semiconductor Substrate 

1 2 Buffer Layer 
12A Sil-xGex layer 

12B Sil-yGey overshoot layer 
12C Sil-xGex' layer 

13 P Mold Dope SiGe Supply Layer 

14 Non-Doped Si Spacer Layer 

1 5 Non-Doped SiGe Spacer Layer 

1 6 Germanium Channel Layer 

1 7 SiGe Channel Layer 

18 SiGe Cap Layer 

19 Interface 

33 Compound Channel 

42 Interface 

43 Compound Channel 
8 1 Dielectric Layer 

1 04 Isolation Region 

105 Activity Device Field 

1 06 Insulating Material 

107 Gate 

108 Ti Layer 

109 Mo Layer 
HOPt Layer 

1 1 1 Au Layer 

112 Footprint of Gate 

113 Source Contact 

114 Drain Contact 

115 Overhang Part of Gate 

120 Insulating Layer 

121 Isolation Region 

122 Gate 

123 Source Contact 

124 Drain Contact 
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[Drawing 11 
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[Drawing 3] 
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Drawing 41 
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[Drawing 61 
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[Drawing 71 
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[Drawing 8 ] 
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[Drawing 9 ] 
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[Drawing 1 1] 
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[Drawing 12] 
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[Drawing 13] 
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